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modifiers or confounders of the maternal sensitivity and infant cognitive development association? 
P. Nina Banerjee 
 
Maternal sensitivity, or high quality maternal caregiving, in which the mother leads and structures the 
infant’s early experiences in a responsive way, is associated with improved child development outcomes 
and health, both in the immediate and long term, and thus an important area of public health research. 
Although previous research has established that exposure to high maternal sensitivity advances the 
outcome of infant cognitive development, factors such as breastfeeding, which is hypothesized to 
confound the association, or depression, which is negatively associated with sensitivity, have not yet been 
examined together in a single study. Maternal alcohol use, associated with both breastfeeding and 
depression, has not been examined in any study investigating the sensitivity-cognitive development 
association. The majority of infant studies examining the maternal sensitivity-infant cognition association 
include either normal birth weight infants or LBW infant samples. Using the LBW category may result in 
potential misclassification since this group combines at least two different phenomena and includes 
infants who have had either compromised gestational time as in the case of small for gestational age 
(SGA), or insufficient gestational time, as in the case of premature birth, or both. In studies using 
comparison groups, normal birth weight infants are sometimes compared to LBW infants or infants born 
prematurely. However, none of these studies examine the association between sensitivity and cognitive 
outcome in infants exclusively premature or SGA. 
This study investigates the association of several factors: (1) maternal depressive symptomology, (2) 
breastfeeding, (3) concurrent maternal alcohol intake and (4) infant biological vulnerability upon 
outcomes of (1) Maternal Sensitivity and (2) Infant Cognitive Development, as well as their effect on the 
association between senstivity and cognitive development.  
  
 
Using data from the Early Childhood Longitudinal Study-Birth (ECLS-B) Cohort, a nationally 
representative sample of U.S. born children, depressive symptomology was evaluated as an effect-
modifier, and breastfeeding was evaluated as a confounder of the sensitivity-cognitive development 
association. Maternal alcohol use and biological vulnerability were also hypothesized to be confounders 
of the sensitivity-cognitive association. Univariate and multi-variable regression analyses were used to 
examine whether the four maternal factors were associated with Maternal Sensitivity, measured by the 
Nursing Child Assessment Teaching Scale (NCATS), and with Cognitive Development, measured by the 
Bayley Scale of Infant Development, Research Edition (BSF-R).  
In univariate analyses, breastfeeding, depressive symptomology and alcohol use were associated with 
maternal sensitivity but only breastfeeding and depressive symptomology were associated with Cognitive 
Development  In a final model examining the effect of sensitivity, depressive symptomology and 
breastfeeding upon the outcome of Cognitive Development, sensitivity (β =.175, p<.001) remained 
significantly associated with cognitive development after adjusting for breastfeeding (β =.079, p<.001), 
depressive symptomology (β =-.035), p<.05), demographic factors and birthweight (R2=.053, p<.001). 
Depressive symptomology was not an effect modifier of the sensitivity-cognitive developmental 
association. Univariate regression analyses showed that of the measures of biological vulnerability, 
premature birth had the greatest association with both sensitivity and cognitive development in 
comparison to the LBW or SGA. In a multivariate regression model in which maternal sensitivity as an 
outcome, premature birth (β= -.035***) was associated with maternal sensitivity (R2=.100, p<.001), after 
adjusting for maternal depression and breastfeeding. In a multivariate regression model analysing the 
effect premature birth and maternal factors, including sensitivity in which cognitive development was the 
outcome, maternal sensitivity (β=.171, p<.001) and breastfeeding (β=.081, p<.001) were positively 
associated with infant cognitive development, while premature birth (β= -.115, p<.001) was negatively 
associated (R2=.052, p<.001).  
This research demonstrates that an independent association between maternal sensitivity and infant 
cognitive development remains even after adjusting for breastfeeding, and that breastfeeding is a separate 
  
 
means to advancing infant cognitive development. Premature birth, rather than SGA drove the negative 
association between low birth weight and cognitive development. Future research should look at the 
effects of premature birth separately from SGA when examining developmental outcomes. 
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Promoting early child development is a public health concern across the world [1]. High maternal 
sensitivity has been consistently linked to better child development outcomes, both in the immediate, and 
the long term [2-14]. Specifically, maternal sensitivity,  defined as “a mother’s ability to use information 
observed from her infant’s behaviors in making accurate inferences about the physical and emotional 
needs of her child” [15-20], while demonstrating warmth, responding to her infant’s distress, and 
engaging in interactions that stimulate cognitive growth [21-23], is associated with advanced cognitive 
development, even in infants less than one year of age [8, 11, 24-27]. In the long term, high maternal 
sensitivity is associated with greater educational achievement and occupational success in the United 
States [1, 25, 28, 29].  
A systematic review of the literature pertaining to maternal sensitivity demonstrated several key 
points: (1) Sensitivity is a set of behaviors, related to observing and responding to an infant, which can be 
learned [18, 30, 31]; (2)Sensitivity is a measurable quality[18, 32, 33]; and (3)Sensitivity is associated 
with both stable (e.g., race/ethnicity) and modifiable (e.g. education) demographic covariates in the 
mother [34-43]. Research also shows increased levels of maternal depression are negatively associated 
with sensitivity [36, 44]; while breastfeeding is positively associated with maternal sensitivity [45-47].   
A review of the research on the sensitivity-cognitive development association reveals that 
mothers who are sensitively engaged with their infants provide a supportive interactive context that 
facilitates the child's exploration, persistence, and developmentally appropriate reciprocal experiences [7, 
28, 29, 48-54]. In addition to maternal sensitivity, studies show sociodemographic factors, and 
breastfeeding are associated with infant cognitive development [51, 55-57].  
A sensitive caregiving environment supplies the optimal context for brain maturation [11, 58-60] 
since neuronal connections are established with repeated exposure to external stimuli [61, 62]. 
Furthermore, the theory of developmental plasticity postulates that exposure to sensitive parenting 
produces structural and functional changes in the infant brain, ultimately leading to greater cognitive 
advancement [54, 63-69]. Therefore, many studies have investigated the potential of sensitive caregiving  
 2 
to advance infant cognition in biologically vulnerable infants (e.g. low birth weight infants) [65, 
70-72]. However, the low birth weight (LBW) designation conflate Small for Gestational Age (SGA), 
defined as less than the tenth percentile of birth weight for gestational age (proxy for intrauterine growth 
restriction and adverse intrauterine environment), and premature birth, defined as infants born less than 37 
weeks of gestation. Studies using only premature infants do not distinguish between infants who may be 
both premature and SGA or only premature [64, 73-80]. Thus, no study investigating the association 
between maternal sensitivity and infant cognitive development clarifies whether the association between 
infant biological vulnerability and decreased cognition is a result of insufficient gestational time 
(premature birth) or adverse intrauterine environment (small for gestational age).  
Studies examining the maternal sensitivity-cognitive development association do not have large 
enough sample sizes to study all of the relevant factors associated with sensitivity and cognitive 
development, and were limited in the ability examine confounding or effect modification by depression, 
breastfeeding, maternal alcohol use, infant biological vulnerability and sociodemographic factors. In 
addition, studies which examined biologically vulnerable infants used an imprecise measure of biological 
vulnerability (LBW) or did not distinguish between infants who were solely premature from infants who 
were solely SGA, potentially resulting in misclassification. 
Therefore, the goal of this dissertation is to examine two separate sets of issues related to the 
sensitivity-cognitive development association, using a large and nationally representative sample of over 
6,000 mother-infant dyads, which included infants who were solely either premature or SGA. Paper 1 first 
examines potential confounding or effect modification of the known maternal sensitivity-cognitive 
development association by maternal depression, breastfeeding and maternal alcohol use. Using the same 
sample, Paper 2 investigates the effect of infant biological vulnerability upon the maternal sensitivity-
cognitive development association in order to identify whether the key exposure is shortened gestation 
(premature birth) or adverse intrauterine environment (SGA). Together these studies examined variables 
associated with either maternal sensitivity, cognitive development, or both (breastfeeding, after 




Title: Are maternal depression, breastfeeding and maternal alcohol intake confounders or effect modifiers 
of the maternal sensitivity and infant cognitive development association? 
 
Background:  Maternal sensitivity, or high quality maternal caregiving, in which the mother leads and 
structures the infant’s early experiences in a responsive way, is associated with improved child development 
outcomes and health, both in the immediate and long term, and thus an important area of public health 
research. Although previous research has established that exposure to high maternal sensitivity advances 
the outcome of infant cognitive development, breastfeeding, a variable hypothesized to confound the 
association, and depression, a variable negatively associated with maternal sensitivity, have not yet been 
examined together in a single study. Maternal alcohol use, associated with both breastfeeding and 
depression, has not been examined in any study investigating the sensitivity-cognitive development 
association. Aim: This study investigates the association of three factors: (1) maternal depressive 
symptomology, (2) breastfeeding and (3) concurrent maternal alcohol intake upon outcomes of (1) 
Maternal Sensitivity and (2) Infant Cognitive Development, as well as their effect on the association 
between senstivity and cognitive development. 
Methods: Using data from the Early Childhood Longitudinal Study-Birth (ECLS-B) Cohort, a nationally 
representative sample of U.S. born children, depressive symptomology was evaluated as an effect-modifier, and 
breastfeeding, were evaluated as confounders of the sensitivity-cognitive development association. Maternal 
alcohol use was also hypothesized to be a confounder of the sensitivity-cognitive association. Univariate and 
multi-variable regression analyses were used to examine whether the four maternal factors were associated with 
Maternal Sensitivity, measured by the Nursing Child Assessment Teaching Scale (NCATS), and with Cognitive 
Development, measured by the Bayley Scale of Infant Development, Research Edition (BSF-R). Multiple 
Regression models were adjusted for several demographic characteristics and covariates such as infant’s birth 
weight.  
Results:  In univariate analyses, breastfeeding, depressive symptomology and alcohol use were associated with 
maternal sensitivity but only breastfeeding and depressive symptomology were associated with Cognitive 
Development  In a final model examining the effect of sensitivity, depressive symptomology and breastfeeding 
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upon the outcome of Cognitive Development, sensitivity (β =.175, p<.001) remained significantly associated 
with cognitive development after adjusting for breastfeeding (β =.079, p<.001) and depressive symptomology 
(β =-.034), p<.05), demographic factors and birthweight (R2=.053, p<.001). Depressive symptomology was not 
an effect modifier of the sensitivity-cognitive developmental association.  
Conclusion: This research demonstrates that an independent association between maternal sensitivity and infant 
cognitive development remains even after adjusting for breastfeeding. Results also showed breastfeeding is an 
additional and separate means to advanced infant cognitive development. Findings highlight the importance of 
screening for sensitivity in clinical settings. 








Maternal caregiving and subsequent child developmental outcomes remain an important area of 
public health research study worldwide[81]. In high income countries, empirical support for the importance 
of maternal caregiving in infancy is demonstrated by enhanced school performance in later years[82]; and 
decreased high risk youth behavior[83]. In low and middle income countries, high quality maternal 
caregiving is associated with healthier infant nutrition, feeding, physical care [84], as well as decreased 
exposure to infection and dangerous situations [85]. 
Maternal caregiving has been technically termed “maternal sensitivity”, and is central to the 
developmental outcome of advanced infant cognition [5, 8, 50, 53, 86]. Sensitivity, also referred to as 
responsive parenting, is defined as “a mother’s ability to use information observed from her infant’s 
behaviors in making accurate inferences about the physical, emotional and developmental needs of her 
child.”[48, 87]. Developmental theorists view sensitivity as a single construct involving a complex set of 
behaviors on the part of a mother in a reciprocal relation to her relationship with her infant[33].There is 
general consensus that a mother’s sensitivity can be operationalized to measure at least four dimensions: 
(1) Responding promptly and appropriately to the infant’s cues, signals or bids  (2) Alleviating the child’s 
distress [88, 89], (3) Demonstrating warmth [18, 90] and (4) Engaging in developmentally appropriate play 
[32, 91-93].  In studies conducted in the United States, substantial research has shown increased maternal 
sensitivity is associated with higher cognitive abilities [24]such as earlier achievement of language 
milestones [94, 95], greater language comprehension [6, 94], increased infants’ persistence and problem-
solving  [27, 38, 52].  
Studies which examine the association between sensitivity and cognition without considering 
breastfeeding have been judged to potentially overestimate the association between sensitivity and 
cognitive development [96] because breastfeeding is also associated with advanced infant cognitive 
development in numerous studies [45, 56, 97-101]. Nutrients found in breast milk, such as docosahexaenoic 
acid (DHA), amino sugars (e.g. N-acetylneuraminic acid), peptides (e.g.  IGF-1) and amino acids (e.g. 
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taurine) are thought to be critical to infant’s neuronal development [102, 103]. Evidence from large 
randomized control trials examining the effectiveness of breastfeeding interventions provides additional 
support for the notion that breastfeeding advances infant cognitive development [97, 99, 104-106].   
Breastfeeding also increases positive dyadic interaction between mother and infant [47, 107, 108], 
and some research has shown an association between greater maternal sensitivity and breastfeeding [47, 
56, 107]. One of the investigations used Magnetic Resonance Imaging (MRI) to examine maternal brain 
activation in response to infant’s own cry, and reported breastfeeding mothers showed greater activations 
in the superior frontal gyrus, insula, precuneus, striatum, and amygdala while listening to their own infant’s 
cries of distress as compared to formula-feeding mothers. Critics of these studies voice uncertainty on 
whether highly sensitive mothers breastfeed or breastfeeding mothers are more likely to be responsive 
towards their infants [96, 109]. This argument is supported by studies demonstrating that breastfeeding is 
associated with higher maternal education and income [46, 110], factors also associated with sensitive 
parenting [111]. 
 Research suggests an inverse association between breastfeeding and maternal postpartum 
depression, a depressive episode that begins in the first weeks after birth and can last up to 14 months[112-
114]; although no causal relationship has yet been established for the relationship between breastfeeding 
and postpartum depression [115]. Thus, while breastfeeding is associated with both increased sensitivity 
and advanced cognitive development, post-partum depression has been identified as a risk factor for both 
reduced sensitivity [36, 44], as well as delayed infant development [116-119].  
Women are commonly affected with post-partum depression [120], and risk of a major depressive 
episode has been shown to increase in the postpartum period[112]. Data from the Pregnancy Risk 
Assessment Monitoring System (PRAMS), a population based surveillance system has reported an overall 
prevalence of postpartum depression to be 11.5% for 27 states, and a prevalence ranging between 8.0% in 
Georgia to 20.1%, in Arkansas. In the most recent (2012) report, prevalence was highest among mothers 
less than 24 years of age, of American Indian/Alaska Native or Asian/Pacific Islander race/ethnicity; had 
≤12 years of education; were unmarried, or were also  postpartum smokers.  
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Prior research has shown an association between maternal sensitivity and depression such that 
higher levels of depression were significantly associated with lower levels of maternal sensitivity [30, 36, 
121]. In a study conducted by Paulson et al. (2010)[122],  greater number of depressive symptoms reported 
was  negatively associated with maternal positive enrichment activities with the child (reading, singing 
songs, and telling stories). Studies have also found that mothers who report moderate to severe depression 
exhibit more negative affect and engage in more critical and intrusive interactions with their children in 
contrast to mothers who report lower levels of depression (e.g. no depression or only mild depression) [123, 
124]. Moderately to severely depressed mothers are also less likely to reason, and more likely to use 
coercion in negotiating with their children in comparison to mothers with mild or no depressive 
symptomology [125].   
Both breastfeeding and depression are associated with maternal drinking [126, 127]. Mothers who 
report depressive symptomology report increased postpartum alcohol intake [127-133], while breastfeeding 
has been associated with lower alcohol consumption in multiple studies [134-137].  There is substantial 
research on associations between depression and breastfeeding with alcohol use, yet no studies examining 
how maternal alcohol use effects the sensitivity-cognitive development association. Studies on responsive 
parenting have been conducted using samples of drug substance abusing mothers, and show that mothers’ 
sensitivity diminishes in substance abusing mothers [138-141], but none of these examine the effect of 
maternal alcohol use upon sensitivity. 
Research investigating demographic factors associated with maternal sensitivity include age, 
education, race, parity and income [33, 36]. There have been many reports showing that racial/ethnic and 
socioeconomic disparities exist across risk factors for infants’ development. Low birth weight is also a risk 
factor for delayed infant cognition, however the studies which have examined the association of depression 
or breastfeeding with sensitivity or cognitive development have typically been conducted using small or 
convenience samples, and have not adjusted for multiple demographic factors, or birth weight [7, 142].   
In summary, although the association between exposure to high sensitivity and advanced infant 
cognitive development has been well-established, factors that may influence this key association have been 
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understudied.  Small sample sizes have precluded multiple demographic factors being examined at once. 
This study, with a large population based sample including many factors that may influence the association 
between sensitivity and cognitive development, such as breastfeeding, depression, as well as alcohol use, 
while also accounting for both demographic covariates and infant birth weight, may inform intervention 
recommendations targeting sensitive parenting across various subgroups. Therefore, the purpose of this 
study is to investigate whether (1) maternal depressive symptomology, (2) breastfeeding, and (3) maternal 
alcohol intake are associated with maternal sensitivity, and with infant cognitive development, and to 
estimate the effect of these factors upon the maternal sensitivity-infant cognitive development association.  
It is hypothesized that maternal depression and maternal alcohol intake will be negatively 
associated with both sensitivity and cognitive development, and that breastfeeding will be positively 
associated with both. Furthermore, it is hypothesized that the association between sensitivity and cognitive 
development will be modified by depressive symptomology, and that breastfeeding and maternal alcohol 
intake will confound the maternal sensitivity-cognitive development association. 
Methods 
This study used data from the first data collection wave of Early Childhood Longitudinal Study-
Birth Cohort (ECLS-B), conducted by the National Center of Educational Statistics (NCES).  The study 
was designed as a weighted representative prospective study of factors that influence children’s 
development from birth to kindergarten where the base sample was selected using a 2-stage “clustered list 
frame approach”, and drawn from the approximately 4 million infants born in the USA in 2001[143]. Using 
this sampling strategy designed to oversample certain demographic groups, (e.g. children born low or very 
low birth weight), the method was to first identify infants using birth certificates and then to define sampling 
units geographically over counties. Of the 14,000 infant births between January and December 2001 that 
were sampled, 76% resulted in 10,688 parent interviews of infant boys (51%) and girls (49%) after 
excluding infants with mothers less than age 15, and infants who died or were adopted after birth. NCES 
provides sampling weights to correct for the sampling overestimates and the unequal probability of a child 
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being selected for the study, and when sample weights are used, the ECLS-B data is representative of the 
US population of infants living with their biologic mothers age 15 or older  in 2001[144].  
Sample Selection  
The current study sample was limited to singletons (n=8,873) without congenital anomalies, where 
the primary caregiver of the infant was the biological mother (N=8,599). Of these, all mother-infant dyads 
that did not have both exposure (Maternal Sensitivity) and outcome data (Infant Cognitive Development), 
were also excluded, providing a final sample of 6,946 (Figure 1). Mothers who were excluded from the 
study sample for missing NCAST scores (n=1,264) were compared to the mothers who remained on several 
demographic characteristics. Excluded mothers differed significantly with regard to income/poverty 
(p=.02), race/ethnicity (p=.00), education (p=.00) and family structure (p=.02) (See Appendix B). 
Data Collection Procedures 
Of the available data in the ECLS-B, this study utilized birth certificate as well as ECLS-B Wave 
1 baseline data.  Wave 1 data was collected when children were approximately 9 months of age. Trained 
field researchers used computer-assisted interview techniques to gather study information, including parent 
interviews during home visits. Mother-infant dyads were videotaped while doing a semi-structured teaching 
task as per the Nursing Child Assessment Teaching Scale (NCATS) protocol.  Additionally, infant 
development was assessed using the Bayley Scales-Short Form Research Edition. ECLS-B data also 
included information provided on the infant’s birth certificate. 
Exposure and Outcome Variables 
Maternal Sensitivity. The (NCATS) Nursing Child Assessment Teaching Scale [145] measuring 
maternal behavior is composed of 50 binary items that are grouped into four scoring categories: Sensitivity 
to Cues; Response to Child’s Distress; Cognitive Growth Fostering; and Socioemotional Growth Fostering.  
In this study, the NCATS scores were used as a continuous measure of maternal sensitivity. Although the 
NCATS includes both a mother and an infant scale, in this study, only the parent scale was used to assess 
maternal sensitivity at the 9-month visit.   
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The NCATS involves asking mothers to select from a list one task representing something the child 
does not know how to do yet, and to “teach” this task to their child. Mothers were videotaped during the 
teaching interaction with their infant for 10 minutes. Sensitivity ratings were based on videotaped 
observations of the mother-infant dyads’ interaction, and were scored by trained and certified coders, who 
were blinded to other measures collected on the dyads (e.g. infant cognitive test scores). 
All NCATS ratings were checked for quality by University of Washington staff, the developers of 
the scale.  It was necessary to have 85% agreement or greater to meet quality standards of scoring. In 
separate validity and reliability studies using the NCAST, the test-retest reliability coefficient was reported 
to be .84 [86].  In this study sample, adequate internal consistency for the NCAST total scale was 
demonstrated and ∞ = .72.  Internal consistency for the total score for the full ECLS-B sample was .68 
(NCES, 2005a).  
Infant Cognitive Development. Data on infant’s cognitive development were collected through 
direct child assessments using the Bayley Short Form – Research Edition (BSF-R), an instrument was 
specifically designed for the ECLS-B. The BSF-R derived from the Bayley Scales of Infant Development, 
Second Edition (BSID-II), which is a standardized assessment of developmental status for children from 
birth to 42 months of age. The BSF-R consists of a 31-item mental scale including a set of core items that 
all children were administered as well as a set of basal and ceiling items that were administered depending 
upon the child’s responses on the core items. The mental scale assesses early cognitive and language ability 
through items on memory, communication and problem solving. Responses on the BSF-R scale were 
equated to the full BSID-II mental scale (178 items) using Item Response Theory (IRT), and represent the 
number of items a child would have answered correctly if administered the full set of BSID-II mental scale 
items. The reliability of the BSF-R scale scores in the ECLS-B is high with a reliability coefficient of 0.80 
for the mental scale. [146, 147] For the study sample, the reliability coefficient is adequate at .82. 
Maternal Factors 
Depressive Symptomology. Depressive symptoms were measured at 9 months using an abbreviated 
form of the Center for Epidemiological Studies Depression (CES-D) Scale [148], and was used as a 
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continuous measure in this study. This self-report scale includes 12 items assessing depressive symptoms 
during the past week using a four-point Likert scale: 0 =rarely or never, 1 = some or a little, 2 = occasionally 
or moderately, and 3 = most or all [25], yielding a total score ranging from 0-36. Questions on the CES-D 
include how many days in the past week the respondent had a (1) poor appetite, (2) felt bothered, (3) could 
not shake the blues, (4) had trouble keeping focus, (5) felt depressed, (6) felt everything was an effort, (7) 
felt fearful, (8) had difficulty sleeping, (9) talked less than usual, (10) felt lonely, (11) felt sad, and (12) 
could not get going. Higher scores correspond to greater depression, with a score ranging from 4 to 9 
corresponding to mild depression, and score of 10 or higher correlating with moderate to severe depression. 
This scale has been validated in several previous studies [149]. Iinternal consistency for the CES-D is high, 
α = 0.82 
 Examination of the distribution of CES-D total scores showed a linear trend. Therefore, in 
regression analysis, depressive symptomology was used as a continuous variable. 
Breastfeeding.  As part of the computer-assisted parent interview (NCES, 2005) when infants are 
9-months of age, mothers were asked if they ever breastfed their infant, whether they were breastfeeding 
their child currently, and how many months they breastfed their infant (Appendix A). Based on the 
distribution of data of participants in this study, breastfeeding was categorized dichotomously. Mothers’ 
who responded that they breastfed for 1 month or more were classified as breastfeeding and mothers who 
breastfed less than 1 month were classified as not having breastfed. 
Alcohol Use. In this study mothers’ alcohol intake was a categorical variable measured using the 
9-month interview (NCES, 2005). During the parent interview, mothers were asked to report on their 
current consumption of alcohol, such as how often they drank, how many drinks they consumed per week, 
and how many drinks they had in one sitting in the past month (Appendix B). Mothers were grouped into 
the following categories: (1) Not currently drinking; (2) Currently drinking; (3) Currently drinking and has 
had 1 or more sittings in the past month (30 days) in which 4-5 drinks were consumed. 
Covariates  
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Parity.  Based on the parent interview, mothers were put into one of three parity groups: (1) target 
child only; (2) 2-3 children, including target child; (3) 4 or more children, including target child. 
Infant Sex. Infant sex was coded from birth certificate data available as part of ECLS-B data.  
Birth weight In the ECLS-B sample, birth weight was collected from the birth certificate data which 
were linked to the interview data. Very low birth weight was defined as less than 1,500 grams; low birth 
weight was defined as 1,500- 2,499 grams, and normal birth weight was defined as greater than or equal to 
2,500 grams. 
Poverty Threshold and Household Income.  Self-reported household income data as well as whether 
the household met the criteria for the 100% poverty threshold was obtained from the 9-month interview. 
Based on the distribution of the data, four categories were created for the univariate analyses: (1) Below 
poverty threshold; (2) Above poverty threshold and less than or equal to $50,000 income; (3) Above poverty 
threshold and income $51,000-$100,000; (4) Above poverty threshold and income greater than $100,000. 
A continuous variable of income status was used for the regression analyses. 
Maternal Age.  Mother’s age (from the birth certificate data) was categorized into four age groups 
based on the literature showing an association between older age and increased maternal sensitivity, [36, 
48], as well as the distribution of the data, the following age groups were designated: (1)15-19; (2) 20-29; 
(3) 30-35 and (4) 36 and older, in univariate analyses. In regression analyses, a continuous variable of 
maternal age was utilized. 
Race/Ethnicity of Mother.  Mother’s Race/Ethnicity self-report data from the birth certificate was 
recoded into 5 categories: non-Hispanic White, non-Hispanic Black, Hispanic, Asian, and Other. 
Maternal Education. Mothers self-reported their educational status as part of the parent interview. 
The data was categorized into 5 levels: less than high school, high school diploma/(GED), vocational/trade 
school or some college, college graduate and post-graduate. 
Family Structure. Mothers self-reported their marital status, family structure and relationship with 
the child’s father. Their responses were categorized into 3 categories: (1) Mother living with child’s father; 
(2) Mother living with a partner other than child’s father; (3) Biological mother living alone. 
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Data Analyses 
Directed Acyclic Graph 
 A Directed Acyclic Graph (DAG) was constructed to assess all open door pathways (Figure 2), for 
estimating the total effect of Depression, Breastfeeding and Alcohol Use upon Sensitivity. Covariates were 
chosen to be included in the DAG model based on a review of the literature. The minimal sufficient 
adjustment set was found to include the following eight confounders: birthweight, parity, household 
income/poverty, maternal age, maternal education, maternal race, and family structure (Daggity software; 
Justor, Heardt, Knuppel). 
 A second DAG was constructed to assess all open door pathways (Figure 3), for estimating the total 
effect of Sensitivity, Depression, Breastfeeding, and Alcohol Use upon Cognitive Development, and found 
the minimal sufficient adjustment sets to include the following six confounders: infant sex, birthweight, 
household income/poverty, maternal age, maternal education, and maternal race/ethnicity (Daggity 
software; Justor, Heardt, Knuppel). 
Statistical Analyses were conducted using SAS Version 9.4 (SAS, 2004).   Data was first examined 
to determine if there was differential response for mothers-infant dyads with NCAST parent scale data and 
Bayley Cognitive Development scores in contrast to dyads without.  Approximately 15% of the mothers in 
the database (n=1,264) were missing these scales.  Missing data in the ECLS-B is coded using in the 
following way: not applicable (-1), refused (-7), do not know (-8), not ascertained (-9), and system missing 
(left blank). A missing data analysis was conducted to examine whether there were significant differences 
between dyads who had data to those whose data was missing (Appendix B). 
Univariate Analyses 
Categorical variables were created for demographic variables and data was first inspected using 
ANOVA to examine univariate associations among demographic characteristics, birth weight, depressive 
symptomology, breastfeeding and alcohol use in relation to Sensitivity and Cognitive Development.   
Sampling and Replicate Weighs. 
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Data estimates in the ECLS-B non-random sample (entire population was not surveyed) may not 
be counted equally because not all mother-infant dyads had equal probability of selection, and sample and 
replicate weights provided by the ECLS-B and National Center for Educational Statistics (NCES) must be 
used in order to account for the sampling scheme which over-represented certain demographic groups. The 
selection of the sample weight to be used is based on two points: (1) the time point of data collection (e.g. 
Wave 1) and (2) whether mother, father or child data was used. In this study, the ECLS-B weight of W1CO  
was selected because it captured Wave 1 Respondent Interview and Wave 1 Child Assessment data, and 
was used to represent the relative strength of each observation, and was multiplied by each data value, and 
then divided by the sum of the weights in order to represent the US population of 2001. The ECLS-B 
weights sum to the population totals, rather than the sample total.  If the weights are not used, the estimates 
are not nationally representative.  For each sample weight, there are 90 associated replicate weights. These 
replicate weights adjust the standard errors of the estimates, and correct for the significance of the estimates 
obtained by accounting for the within and across cluster variation [143]. 
In this study, SAS procedures such as PROC SURVEYREG that use the Taylor series method, were 
used to account for complex sampling and provide exact estimates of the standard errors. 
Regression Analyses 
After descriptive analyses and sample weight selection, a series of weighted Ordinary Least 
Squares (OLS) multiple regressions were used to examine the association of each of the four factors with 
sensitivity and cognitive development. In the first set of regressions, maternal sensitivity was designated as 
a continuous outcome variable, and maternal depressive symptomology, breastfeeding, alcohol intake, were 
entered as independent variables.  Based on the DAG, covariates hypothesized to be confounding the 
association among the four factors and maternal sensitivity were adjusted for in these regressions. These 
included infant sex, infant birth weight, parity, family structure, maternal race/ethnicity, education, age and 
income/poverty. 
In a second set of analyses, infant cognitive development was designated as the continuous outcome 
variable, and sensitivity was entered as a continuous independent variable. Based on the DAG in which 
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cognitive development was the outcome, covariates found to be potential confounders of the association 
among maternal sensitivity and cognitive development, were adjusted for. These included: maternal age, 
race/ethnicity, education, income/poverty, infant birth weight, maternal depressive symptomology and 
breastfeeding. 
All regressions were weighted with both the sample (W1CO) and the replicate weights (W1C1-
W1C90), using the ProcSurveyReg syntax, which is used to specify regression analysis using survey data 
in SAS. The jackknife method for estimating standard errors using replicate weights was also specified 
[150, 151]. 
Three steps were taken to determine whether there was additive interaction (depression was an 
effect modifier of the sensitivity-cognitive development association). First, an interaction term was created 
by multiplying the continuous score of sensitivity with the continuous score of depressive symptomology. 
Next, a regression estimating the association among the three variables: sensitivity, depression, and the 
computed interaction term (sensitivity*depression), and the dependent variable of cognitive development, 
was conducted. Thirdly, the interaction term was evaluated for a priori hypothesis of significance of p<.05. 
It was hypothesized that maternal alcohol use would be a confounder of the sensitivity-cognitive 
development association. However, since alcohol use was not associated with cognitive development in 
univariate analyses, it was not further evaluated as a confounder. 
In order to examine whether breastfeeding was a confounder of the sensitivity-cognitive 
development association, regressions estimating the association between sensitivity and cognitive 
development before and after adjusting for breastfeeding were examined for a 10% change in the coefficient 
of sensitivity, which would support a hypothesis of confounding by breastfeeding. Breastfeeding as a 
mediator would be considered if the effect of sensitivity upon cognitive development became insignificant 
when breastfeeding was included in the model. 
Power Analysis 
A power analysis was conducted to ensure adequate sample size to test the effects of maternal 
factors and mean difference between groups of high sensitive and low sensitive mothers by covariates. 
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Using Cohen's (1988) criteria, with an alpha = .05 and power = 0.80, the projected sample size needed for 
a medium effect size (.5-.7), is approximately N = 2,850. Thus, the proposed sample size n=6,946 will be 




With regard to participation, excluded mothers were more likely to be low-income or below poverty 
level; be black, Hispanic or Asian, have a high school education or less, and be single mothers.  There were 
no significant differences between the two groups in terms of having an infant with low or very low birth 
weight (p=.33), parity (p=.39) or age (p=.72). 
NCATS scores representing maternal sensitivity ranged from a minimum value of 15 to a maximum 
of 49 with a mean of 34.36, and a standard deviation of 4.54. Bayley Mental Developmental Index (MDI) 
scores representing Infant Cognitive Development ranged from a minimum of 32.04 to a maximum of 
131.2, with a mean 75.54 and a standard deviation of 9.81. CESD scores representing maternal depressive 
symptomology ranged from 0-36, with a mean of 5.31 and a standard deviation of 5.67.  
Univariate Analyses 
Maternal Sensitivity. ANOVA analyses were conducted to examine univariate associations among 
demographic subgroups with sensitivity and cognitive development (Table 1) show infant’s sex (F=7.22), 
birth weight (F=15.33), parity (F=3.86), income/poverty (F=117.39), race/ethnicity (F=44.33), maternal 
age (F=58.47), maternal education (F=112.37) and family structure (F=38.22) were significantly associated 
with maternal sensitivity scores.  Specifically, ANOVA analyses showed mothers with normal birth weight 
infants, 2-3 children (including target child), with an income above $100k, classifying themselves in the 
“other” racial ethic group, with a post-graduate education and aged 36 years or older had higher mean 
sensitivity scores than mothers in other groups. Depressive symptomology, breastfeeding and maternal 
alcohol use, were significantly associated with small mean differences in maternal sensitivity scores. 
Mothers without depressive symptomology, who breastfed for 1 month or more, and did not drink had 
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higher sensitivity scores than mothers with depressive symptomology, who did not breastfeed, who were 
not currently drinking in the home.   
Cognitive Development. ANOVA analyses also showed infant’s sex (F=6.93) normal birth weight 
(F=248.02), income/poverty level above poverty level, and income between $51K-100K (F=4.65), 
race/ethnicity of White (F=2.81), maternal age of 20-29 (F=11.26), and maternal education of some 
college/vocational school (F=3.80) were also related higher mean infants’ cognitive development scores.  
A second set of univariate ANOVA analyses were conducted in order to explore associations 
among depressive symptomology, breastfeeding and alcohol intake with maternal sensitivity and cognitive 
development (Table 2).  In univariate assessment of these same factors in association with cognitive 
development, only the presence of depressive symptomology, and breastfeeding for 1 month or longer were 
associated with higher mean infant cognitive development scores.  
Regression Analyses 
  In order to investigate whether depression was an effect modifier of the sensitivity-cognitive an 
interaction term, created by multiplying the continuous depression variable by the continuous sensitivity 
variable, was tested for significance. In a regression model in which cognitive development was the 
outcome, and demographic variables, sensitivity (continuous variable of NCATS score), depression 
(continuous variable of CES-D score), and the computed sensitivity*depression interaction term, were 
entered as covariates, the interaction term was not significant (β =-.004, p=.361; R2=.048***). 
 In regression models examining support for breastfeeding as a confounder of the sensitivity-
cognitive development association, maternal sensitivity remained significantly associated with cognitive 
development (β =.371, p<.001; R2=.04***), and did not change by 10 percent or more (β =.332; p<.001), 
when breastfeeding was included in the model (β =.079; p<.001).  
Univariate analyses did not show evidence of association of maternal alcohol use with cognitive 
development. These variables were then not further evaluated as confounders of the maternal sensitivity-
cognitive development association. Maternal alcohol use was also not entered into regression models in 
which cognitive development was the outcome. 
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Maternal Factors and Maternal Sensitivity (Table 3) 
A series of weighted regression analyses were conducted in order to determine the putative effect 
of the set of maternal factors upon maternal sensitivity. Results showed that only depressive symptomology 
approached significance (β =-.019, p<.10; R2=.104). These weighted (sample and replicate weights) 
regression models were adjusted for infant’s birth weight, maternal parity, income/poverty level, 
race/ethnicity, age, education (based on the DAG).  
Maternal Factors, Sensitivity and Cognitive Development (Table 4) 
 In a second set of weighted regressions investigating the putative effect of the maternal factors, as 
well as maternal sensitivity upon cognitive development (Table 4), the final model (R2=.053) showed 
maternal sensitivity (β = .175, p<.001) remained positively and significantly associated with infant 
cognitive development, even after breastfeeding (β =.079, p<.001), and depressive symptomology (β = -
.035, p<.05), and were included in the model. This set of regressions also controlled for multiple covariates 
selected based on the DAG, and associated with cognitive development in ANOVA analyses (infant sex, 
birthweight, maternal age, education, race/ethnicity and household income/poverty).  
Results Summary 
It was hypothesized that maternal depression, alcohol intake and infant smoke exposure would be 
negatively associated with both sensitivity and cognitive development, and that breastfeeding will be 
positively associated with both. Results showed that depressive symptomology was in fact significantly 
associated with lower sensitivity and lower cognition. Breastfeeding was significantly associated with the 
outcome of cognitive development but not maternal sensitivity. Sensitivity remained significantly 
associated with cognitive development, even after depressive symptomology and breastfeeding were 
included. Alcohol intake was not significantly associated with either maternal sensitivity or cognitive 
development. 
There was no support for the hypothesis that the association between sensitivity and cognitive 
development was modified by depressive symptomology, or that breastfeeding, or maternal alcohol intake 
confounded the maternal sensitivity-cognitive development association. 
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Post-Hoc Power Analyses 
To determine whether the non-significant results were due to a lack of statistical power, a post hoc 
power analyses was conducted, with power (1 - β) set at 0.80 and α = 05, two-tailed. In order to have power 
to detect a mean difference in cognitive development scores of infants of mothers who reported drinking in 
comparison to those who did not, 6,100 participants in each group would be required. The power in this 
study was 34%. 
Thus, though alcohol intake was not associated with either sensitivity exposure or cognitive 
outcome, there may have been inadequate power in the sample to ensure a true negative result.   
Discussion  
Maternal sensitivity is a necessity for infants to thrive [85, 152]. Research conducted in high income 
countries demonstrates that high maternal sensitivity sets in motion a chain of events based in reciprocal 
interactions with the infant that lays a foundation for later school and occupational success.  In developing 
countries, maternal sensitivity is associated with higher chance of survival due to healthier nutrition, 
decreased exposure to infection and danger [1, 153]. For these reasons, maternal sensitivity and the factors 
which influence the association between maternal sensitivity and child development are of public health 
importance. 
This study is positioned to examine the effects of maternal depressive symptomology, breastfeeding 
and maternal alcohol intake upon the sensitivity-cognitive development association. Main findings showed 
that an independent, significant and positive association remained between sensitivity and cognitive 
development, after including breastfeeding and depressive symptomology, and adjustment for multiple 
demographic covariates, as well as infant birth weight. There was no support for the hypothesis that 
depressive symptomology was an effect modifier or that breastfeeding or alcohol intake were confounders 
of the sensitivity-cognitive development association. 
Maternal depressive symptomology was significantly negatively associated with infant cognitive 
development in a model that included sensitivity and breastfeeding. This finding suggests depressive 
symptomology adversely impacts children’s cognitive development indirectly through disturbances in 
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parent-child interaction [154] and breastfeeding[155]. Although depressive symptomology was not 
significantly associated with sensitivity, given the high prevalence of post-partum depression, the 
association between depression, sensitivity and cognitive development remain worthwhile avenues of 
study. 
There was also a strong and positive association between sensitivity and cognitive development, 
after adjusting for breastfeeding as measured using a dichotomous variable, created by combining various 
lengths of time of breastfeeding. Findings from this study challenge the notion the association between 
sensitivity and cognitive development is accounted for by breastfeeding, and suggest breastfeeding is an 
independent and a means separate from sensitivity to advancing infant cognitive development.  
Results did not indicate a significant association between alcohol use with either maternal 
sensitivity or cognitive development in regression analyses. This lack of association may be related to the 
number of mothers in this sample who reported drinking. The majority of the mothers in this sample did 
not report drinking more than 1 drink/week in the home. This may indicate biased reporting due to potential 
stigma, where mothers systematically under-reported drinking in this study. Although there was ample size 
to examine mean difference between groups of high sensitive and low sensitive mothers, as well as infants 
with high and low cognitive scores by covariates, post-hoc power analyses suggested that there was not 
sufficient power to detect an effect between mean scores of mothers of infants who reported drinking.  
Study Limitations 
Mother-Infant dyads were excluded from the sample if they were missing either sensitivity or 
cognitive development data, and compared to the mothers-infant dyads who had both exposure and outcome 
data on several covariates. Although there were no significant differences between the two groups in terms 
of having an infant with low birth weight, parity or age, dyads excluded from the study were more likely to 
be low-income or below poverty level; be black, Hispanic or Asian, have a high school education or less, 
and to be single mothers.  
The somewhat lower participation rate of these high risk groups (low-income, non-white, single 
mothers) may have introduced selection bias, however a substantially large number of single, low-income, 
 21 
black Hispanic and Asian groups, high school graduates remained in the study sample. In addition, these 
demographic factors were adjusted for in statistical analyses.  
This study contained a rich array of measures. Although the CES-D measure of depression has 
been validated in previous studies, it is a self-report measure. Two other constructs, breastfeeding and 
alcohol intake were assessed using self-reported interview, and thus prone to response bias. Another 
limitation includes the dichotomized criteria for assessing breastfeeding, which did not account for exact 
duration of breastfeeding.  Although respondents were told that their responses would not be individually 
identifiable and would be reported in the aggregate, respondents may have believed they need to respond 
to the question in a socially desirable manner, have difficulty in understanding survey questions, or have 
problems with adequate recall.  
 Multivariable regression analyses such as the statistical methods used to examine data in this study are 
criticized for not having a means to check the balance of covariates among groups. However, there is 
evidence that, when conducted properly, regression analysis and other techniques such as propensity score 
analysis reveal similar results[156]. In a review of over 150 studies, Sturmer (2006) found that model 
specification was a key factor in determining validity of results. While propensity score techniques allow 
for simultaneous control for several measured confounders by creating a single propensity scores, both 
propensity score methods and conventional multivariable regression are similar in limitations in their ability 
to control for unmeasured covariates or confounding, and neither propensity score methods nor regression 
reduce bias from unmeasured confounders[157]. 
 Regression analysis is also criticized for inability to utilize to estimate effects unless the linearity 
assumption is met. While propensity score procedures do not assume that the variables need to have a linear 
relationship, the technique of propensity score matching, in which participants are matched on propensity 
score and unmatched participants are deleted, is challenging to implement on a complex survey data set 
such as the ECLS-B. The deletion of cases potentially disrupts the sample and replicate weighting of the 
ECLS-B design. Therefore, any overall benefit of confounder control and checking confounder balance 
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between “treatment” and control groups using the propensity score may not outweigh the risk of unsettling 
the sample and replicate weights of the ECLS-B data set. 
Study Strengths 
The ECLS-B is a population based nationally representative dataset which allowed us to study 
under-researched topics such as whether alcohol use are associated with maternal sensitivity and/or 
cognitive development or the relationship between them, and provides adequate sample size needed to 
control for multiple sociodemographic variables.  The ECLS-B has the additional strength of having 
minimal missing data on demographic covariates. 
Study measures are taken from valid and reliable instruments.  Moreover, for both the maternal 
sensitivity measure (NCATS) and the cognitive developmental test (BSF-R), each administrator’s testing 
and scoring abilities were validated both through in-person quality control visits as well as reliability coding 
of videotaped interviews. In this study sample, adequate internal consistency for the NCAST total scale 
was demonstrated and ∞ = .72, higher than the internal consistency for the total score for the full ECLS-B 
sample of .68 (NCES, 2005a). 
Conclusion 
Although mother-infant dyads that did not have both exposure and outcome data differed on certain 
demographic characteristics (race/ethnicity, income, education), the study sample remained representative 
of the target population due to the high numbers of overall participants as well as the adjustment for these 
demographic factors in statistical analyses. Results showed variance in maternal sensitivity was not 
explained by the factors examined in this study. Sensitivity remained strongly and positively associated 
with cognitive development, even after depressive symptomology and breast feeding were included in the 
model. Therefore, and importantly, although breastfeeding was significantly associated with cognitive 
development, it did not alter the strong and positive association between maternal sensitivity and cognitive 
development. Breastfeeding also remained associated with cognitive development even after adjusting for 
the effects of maternal sensitivity on cognitive development. Both are separate means to advancing infant 
cognition, and should be emphasized in parenting interventions involving young infants.  
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Findings from this study can be generalized to mothers in the United States aged 15 years and older, 
who are the biological mothers of singletons without congenital abnormalities. 
Public Health Significance 
Maternal sensitivity and the association with infant developmental outcomes is an important area 
of public health study around the world, making research on factors that affect the sensitivity- cognitive 
development association valuable. The purpose of this study was to examine the effect of variables 
associated with both sensitivity and cognitive development in order to see if variance in the sensitivity-
infant cognitive development association was in fact explained by selected factors previously showing an 
association with either maternal sensitivity or infant cognitive development.  
More research is needed on effective maternal caregiving and its association with overall 
development, health and survival of infants, particularly in high risk conditions such as mothers with mental 
illness, substance abuse issues, or risk factors relating to the infant, such as low birth weight.  
This research suggests a brief screening tool for maternal sensitivity would be helpful to clinicians 
trying to support infant cognitive development. Understanding and documenting the contribution of 
effective maternal caregiving to infant development is critical both to bringing about awareness that 
responsive parenting matters, as well as to designing effective tailored interventions targeting improved 
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Figure 1: Analytic Sample  
*rounded to nearest 50 
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Figure 2: DAG with outcome variable: Sensitivity 
 





Figure 3: DAG with outcome variable: Cognitive Development 
 















 Maternal Sensitivity  
(NCATS Score) 
Infant Cognitive  
(Bayley Score) 
 Mean (SD) ANOV F (df)  Mean(SD) ANOVA F(df)  
Sex  7.22**  
(1, 6946) 
 6.93**  
(1, 6946) 
Male 34.23 (4.34)  75.24 (9.60)  
Female 34.51 (4.49)  75.86 (9.29)  
Birth Weight  15.33***  
(2, 6946) 
 248.02***  
(2, 6946) 
Normal 34.72 (4.50)  76.99 (9.48)  
Low 34.04(4.43)  73.55 (10.27)  
Very Low 33.56(4.64)  68.22 (10.71)  
Parity  3.86*      
 (2, 6946) 
 1.36     
(2,6946) 
1 child (Target Child Only) 34.73(4.31)  77.27(9.54)  
2-3 children 34.80(4.57)  76.31(9.59)  
4+ children 34.37(4.62)  76.49(9.92)  
Poverty and Household Income  117.39***  
(3, 6950) 
 4.65**   
(3,6950) 
Below Poverty level 33.19(4.37)  75.78(9.61)  
Above poverty level; < $50K   34.28(4.46)  77.09(9.91)  
Above poverty level; $51K-100K  35.94(4.33)  77.01(9.20)  
Above poverty level; $100K 36.48(3.95)  76.93(9.06)  
Maternal Age  44.33*** 
(3,6950) 
 2.81* (3,6950) 
15-19 33.13(4.30)  75.59(9.06)  
20-29 34.24(4.42)  77.04(9.90)  
30-35 35.37(4.49)  76.77(9.28)  
36+ 35.74(4.49)  76.24(9.27)  




White, Non-Hispanic 34.45(4.41)  77.02(9.60)  
Black, Non-Hispanic 33.92(4.43)  76.19(9.91)  
Hispanic 33.11(4.39)  76.43(9.42)  
Asian 34.62(4.23)  76.25(9.04)  
Other 34.79(4.04)  76.74(9.59)  




Less than HS 1,2 32.68(4.44)  75.60(9.54)  
HS graduate 3 34.03(4.43)  77.09(9.98)  
Vocational/Some College 4-5 35.13(4.15)  77.29(9.66)  
4-Year College 6 36.31(4.35)  76.41(8.86)  
Post-Graduate 7,8,9 36.63(4.05)  76.93(9.15)  




Biological Mother lives with Father 34.92(4.48)  76.70(9.50)  
Biological Mother lives with Partner 35.58(4.18)  78.80(9.50)  
Biological Mother lives without Partner 33.63(4.46)  76.80(9.92)  
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Table 2: Univariate associations among maternal factors, sensitivity and cognitive development 
 Sensitivity (NCATS Score) Cognitive (Bayley Score) 
Factors Mean (SD) F(df) Mean (SD) F (df) 
Depressive Symptomology  17.08*** (2, 6942)  3.03* (1,6942) 
No Depressive Symptomology 34.63(4.49)  75.70(9.95)  
Depressive Symptomology 33.56(4.55)  75.11(9.43)  
Breast Feeding  26.48 *** (1, 6942)  15.64** (1, 6942) 
Breastfeeding 1 month or less 33.96(4.58)  76.63(9.64)  
Breastfeeding more than 1 month 34.98(4.44)  79.79(9.57)  
Maternal Alcohol Use  39.69*** (2, 6943)  .155 (2,6943) 
Not currently drinking 34.45 (4.45)  75.56 (9.91)  
Currently drinking but not having 4-
5 drinks in one sitting 
35.21 (4.56)  75.45 (9.50)  
Has had 4-5 drinks in one sitting in 
the last 30 days 
34.06 (4.51)  75.71 (9.89)  
*p < .05; ** p < .01; ***p < .001 
 
















Table 3:  Factors associated with the outcome of sensitivity 
Standardized Beta 
Coefficient 
β  β  β  β  β β  β  β  β  β  β  β  β  β  β 
Infant sex-male -.025* -.026* -.018 -.027* -.025* -.025* -.022 -.021 -.021 -.019 -.019 -.019 -.019 -.019 -.019 
Birth Weight  -.040** -.038*** -.021 -.022 -.022 -..020 -.020 -.020 -.015 -.016 -.016 -.015 -.015 -.015 
Parity   -.019 -.006 -.038** -.037* -.030* -.032 -.032 -.002 -.002 -.002 -.001 -.001 -.001 
Household 
Income 
   -.244*** -.197*** .195*** .159*** .159*** .159*** -.102*** .103*** .103*** .103** .102** .102** 
Age     .095*** .095*** .089*** .091*** .091*** .038 .039 .039 .033 .033 .033 
Race (White=Reference)               
Black      -.007 -.045*** -.048*** -.048*** -.048*** -.047*** -.046*** -.045*** -.045*** -.045*** 
Hispanic       -.137*** -.140*** -.140*** -.116*** -.115*** -.115*** -.116*** -.116*** -.116*** 
Asian         -.035** -.035** -.044** -.043*** -.043** -.042** -.042** -.042** 
Other         -.003 -.001 -.001 -.001 .000 .000 .000 
Education 
(# of years) 
         .159*** .159*** .159*** .158*** .158*** .158*** 
Family Structure                
Mother w Partner           .029 .029 .029 .029 .029 
Mother no Partner            -.002 .002 .002 .002 
Depressive Symptoms (No symptoms=Reference)             
Depressive 
Symptomology 
            -.019~ -.019~ -.019~ 
Breastfeeding Less than 1 month=Reference            
Breastfeeding 
more than 1 
month 
             .062 .062 
Alcohol Intake                
Not drinking                
Drinks but4-5 
drinks in one 
sitting 
              .015~ 
Has had 4-5 
drinks 1 sitting 
              .043 
Model Summary 
(R2) 
.001*** .002*** .002*** .060*** .066*** .066*** .083*** .084*** .083*** .098*** .098*** .098*** .099*** .104*** .104*** 
 
*p < .05; ** p < .01; ***p < .001; ~p<.10 
 




 Table 4:  Factors associated with the outcome of cognitive development  
Note: Regression models are weighted with both sample (W1CO) and replicate weights (W1C1-W1C90).  
Standardized Beta 
Coefficient 
β  β  β  β  β β  β  β  β  β  β  
Infant sex-male -.033** -.035** -.036** -.037** -.037** -.037** -.037** -.036** -.031** -.032** -.033 
Birth Weight  -.114*** -.112*** -.112*** -.111*** -.111*** -.111*** -.111*** -.107** -.108** -.108 
Poverty/Income   .027* .045** .043** .038** .038** .026 .007 .000 -.007 
Age    -.039** -.039** -.039** -.039** -.046** -.052*** -.057*** -.056 
Race   Reference =White         
Black     -.008 -.013 -.014 -.014 -.006 -.011 -.010 
Hispanic      -.015 -.016 -.011 .011 .000 -.000 
Asian        -011 -.013 -.004 -.008 -.009 
Other        -.003 -.002 -.006 -.007 
Years of 
Education 
        .029 -.002 -.003 -.012 
Sensitivity            
      .180*** .175*** .175*** 
Depressive Symptoms   Reference=No symptoms         
Depressive 
Symptomology 
         -.034** -.035** 
Breastfeeding Reference= Less than 1 month        
Breastfeeding 
more than 1 
month 
          .079** 
Model Summary 
(R2) 
.001*** .014*** .014*** .015*** .015*** .015*** .015*** .016*** .044*** .045*** .053*** 
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PAPER 2 
Title: Impact of biological vulnerability at birth and the effect upon the maternal sensitivity- infant 
cognitive development association 
Aim: To investigate the effect of three measures of biological vulnerability (low birth weight (LBW), small for 
gestational age (SGA), and premature birth, upon the maternal sensitivity-infant cognitive development 
association.  
Background: It is hypothesized that the infant’s biological vulnerability is negatively associated with both 
maternal sensitivity as well as infant’s cognitive development such that the greater the biologic vulnerability, 
the greater the risk to maternal sensitivity and infant cognitive development. The majority of infant studies 
examining the maternal sensitivity-infant cognition association include either normal birth weight infants or 
LBW infant samples. Using the LBW category may result in potential misclassification since this group 
combines at least two different phenomena and includes infants who have had either compromised gestational 
time such as in the case of adverse intrauterine environment such as in the case of intrauterine growth 
restriction (IUGR) or small for gestational age (SGA) or insufficient gestational time (premature birth), or 
possibly both. In studies using comparison groups, normal birth weight infants are sometimes compared to 
LBW infants or infants born prematurely. However, none of these studies examine the association between 
sensitivity and cognitive outcome in infants exclusively premature or SGA. 
Methods: The present study utilizes birth certificate and Wave 1 data of The Early Childhood Longitudinal 
Study-Birth Cohort (ECLS-B), a study of factors that influence children’s development from birth to 
kindergarten, conducted by the National Center of Educational Statistics. A series of ordinary least square 
regression analyses models were used to evaluate how premature birth, LBW, and SGA were associated with 
concurrent measurement of maternal sensitivity and of infant cognitive development, after accounting for 
factors previously associated with the maternal sensitivity-cognitive development association (demographic 
characteristics, maternal depression, breastfeeding).  
Results: Univariate regression analyses showed that of the measures of biological vulnerability, premature 
birth had the greatest association with both sensitivity and cognitive development in comparison to the LBW 
or SGA. In a multivariate regression model in which maternal sensitivity as an outcome, premature birth (β=-
.035***) was associated with maternal sensitivity (R2=.100, p<.001), after adjusting for maternal depression 
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and breastfeeding. In a multivariate regression model analysing the effect premature birth and maternal factors, 
including sensitivity in which cognitive development was the outcome, maternal sensitivity (β=.171, p<.001) 
and breastfeeding (β=.0817, p<.001) were positively associated with infant cognitive development, while 
premature birth (β= -.115, p<.001) was negatively associated (R2=.049, p<.001). Premature birth was not 
found to be an effect modifier of the sensitivity-cognitive development association.  
Conclusion:  This study is the only one to examine the effect of three measures of biological vulnerability 
upon the sensitivity-cognitive development association. The LBW designation is not as precise of a measure as 
either premature birth or SGA and can lead to misclassification. Insufficient gestational time, or premature 
birth, rather than comprised gestational time, such as in the case of SGA, had a stronger negative association 
with both maternal sensitivity and infant cognitive development. The association between high maternal 
sensitivity and advanced cognitive development remained, even when adjusted for premature birth. Future 
research should look at the effects of premature birth separately from SGA when examining mother-infant 
dyadic interaction, and its effect on its association with cognitive outcomes. 
Keywords: Low Birth Weight, Maternal Sensitivity, Infant Cognitive Development, Premature birth, Small 




A vast amount of research has established that high maternal “sensitivity”, a technical term 
designated to describe a cognitive and socially stimulating, warm and responsive parenting style, is 
associated with advanced infant cognitive development [6, 8, 50, 158-161]. It is theorized that the 
association between sensitivity and infant cognition is created by context-dependent, reciprocral 
interactions between the mother and infant which produce structural and functional changes in the infant’s 
brain [60, 61, 67, 162-164]. Sensory and perceptual systems central to cognitive development are formed 
in infancy and “brain architecture” is strongly influenced by social and environmental experiences during 
this time [165].The link between sensitivity and cognitive development is supported by research showing 
the quality and type of stimuli provided to the infant is associated with which neural connections are 
created and strengthened  [68, 166]. The hypothesized relationship between high maternal sensitivity and 
advanced cognition is in line with the theory of “developmental plasticity”, which postulates that infant 
neurological development is malleable, and the infant brain adapts and transforms based on exposure to 
environmental stimuli [69, 166-169]. 
The majority of studies examining the association between sensitivity and infant cognition have 
been conducted using samples of full term infants, in normal birth weight ranges. Fewer than 30 
investigations have been conducted using low birth weight (LBW) samples (infants weighing less than 
2,500 grams) [14, 77, 170-174], or very low birth weight (infants weighing less than 1,500 grams), 
investigating the association between maternal sensitivity and cognitive development in infants less than 
one year of age, a critical time in understanding how maternal sensitivity may shape infant’s cognition 
(Tables 1 and 2).   
Some of these studies combined samples of infants either infants born prematurely to those who 
were born at term but small for gestational age (SGA), (a post-natal proxy for intrauterine growth 
restriction which is a function of both birth weight and gestational age that typically represents exposure 
to an underlying pathology or genetic factors)  [77, 172, 175]. Although these investigations were 
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important in establishing an association between biological vulnerability and the lower maternal 
sensitivity as well as cognitive development, the studies did not distinguish between infants who were 
low birth weight due to prematurity or to SGA (Table 1). Moreover, the definition of premature birth used 
in the studies varied and challenged comparison across studies.  
Another set of studies have used a control group and compared a sample of biologically 
vulnerable infants (LBW (combining SGA and premature), or premature birth) with a group of healthy 
full-term infants born at normal birth weights (Table 2). Importantly, these studies demonstrated that high 
risk, biologically vulnerable infants showed cognitive advancement when exposed to sensitive mothering. 
However, in these studies, due to small sample sizes (no study sample over 250), there was insufficient 
power to examine effect modification or confounding by demographic and other factors previously 
associated with sensitivity and infant cognitive abilities (e.g. maternal depression or breastfeeding)[29, 
108, 176, 177]. 
Both infants small for gestational age and infants born prematurely demonstrate irregularity of 
biorhythms, which in turn create difficulty in adapting and responding to environmental stimuli, and lead 
to a higher risk of poor dyadic interaction and cognitive deficits [8, 12-16[64, 178, 179]. However, the 
majority of theories related to the reduced cognitive abilities of the biologically vulnerable infant do not 
clarify whether the source of the problem is insufficient gestational time, as in the case of premature birth 
or comprised gestational time, such as in the case of SGA (proxy for IUGR and adverse intrauterine 
environment) [60, 77, 179-182].  
The causes of premature birth are not always known [183], and may be either (1) spontaneous 
due to problems with the fetus such as infection (prevalence approximately 70% in the US), (2) medically 
indicated such as in the case of preeclampsia in the mother (US prevalence approximately 20%, or (3) 
non-medically indicated elective premature birth by caesarean section (prevalence about 9% in the United 
States) [184]. Preterm birth is associated with lower sensitive maternal behavior in some studies [73, 77], 
difficulty breastfeeding [185, 186] and increased maternal depression [187, 188].  All types of premature 
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birth are associated with risk of developmental delay [171, 181, 189], and neurodevelopmental prognosis 
is associated with exposure to cognitive stimuli [190] in premature as well as term infants. 
It is hypothesized that premature birth is associated with lower cognitive development due to 
deficient development of certain limbic structures, such as the amygdala, thought to be responsible for 
homeostatic functions, including regulation of biorhythms, which is not complete until the end of the third 
trimester [60, 181, 191]. It is also hypothesized that when the prenatal brain is required to develop outside 
of the womb instead of in utero, environmental stimuli negatively affect neuronal organization, 
theoretically creating disordered and less efficient nerve networks, since the not yet fully developed brain 
receives sensory stimuli that it is not biologically prepared to receive [192].  The stimuli potentially alters 
mechanisms of brain functioning such as the myelination process, which protects the neuron and 
facilitates signal conduction [193]. Some studies have also cited reduced volume of white matter and 
brain structures as examples of altered brain development in premature infants [194, 195].  
SGA causes are divided into two groups: (1) Symmetric growth restriction affecting height, 
weight and head circumference equally, typically beginning in the first trimester, generally associated 
with genetic disorders and congenital infections; and (2) Asymmetric growth restriction affecting infant’s 
weight, typically evident in the second and third trimesters. Asymmetric growth restriction is associated 
with placental or maternal problems such as placental insufficiency or maternal malnutrition [196]. If 
nutritional needs are met, infants who are SGA demonstrate rapid “catch up” development after 
delivery[197]. Therefore, in contrast to SGA infants born prematurely, full-term SGA infants have more 
favorable neurological outcomes in cases in which asphyxia is avoided during labor and delivery [191, 
196]. 
Given our current understanding of premature birth and SGA, grouping infants separately by 
premature birth, or small for gestational age, instead of considering them together in the larger and less 
specific category designated LBW, may lead to more homogenous groupings of infants with similar 
biological developmental profiles [198].  Although low birth weight, small for gestational age and 
premature birth are highly correlated and, in many cases, would predict similar cognitive outcomes, it can 
 36 
be argued that distinguishing between infants based on premature birth status or birth weight alone may 
minimize important differences in neurodevelopmental prognosis [199-201].  
In summary, the majority of the existing research examining the effect of infant biological 
vulnerability upon sensitivity and cognitive development has predominantly utilized samples of LBW 
infants, combining at least two different phenomena (insufficient gestational time, as in the case of 
premature birth; and adverse intrauterine environment, as in the case of SGA), and the true risk of 
biological vulnerability may be underestimated if the effects are not the same.  Therefore, this study aims 
to investigate this hypothesis by separately examining associations between LBW, premature birth and 
SGA infants and maternal sensitivity and with cognitive development.  
Although some research suggests that the greater the biological vulnerability, the higher the risk 
to both sensitivity and cognitive development, studies have not established whether the association 
between sensitivity and cognitive development varies differentially based on biological vulnerability.  
Therefore, this study also evaluates whether biological vulnerability is an effect modifier of the 
sensitivity-cognitive development association. In addition, the effect of biological vulnerability upon the 
sensitivity-cognitive development association is examined after adjusting for maternal depression and 
breastfeeding, factors previously associated with sensitivity, cognitive development or both. It is 
hypothesized that (Figure 1):  
(1) Of the measures of biological vulnerability (LBW, Premature Birth, SGA), premature birth will have 
the strongest (negative) association with both sensitivity and cognitive development.  
(2) Biological vulnerability is a confounder of the maternal sensitivity-infant cognitive development 
association.  
(3) Maternal sensitivity will remain significantly associated with infant cognitive development, even after 




The Early Childhood Longitudinal Study-Birth Cohort (ECLS-B) is a weighted nationally 
representative prospective study of factors that influence children’s development from birth to 
kindergarten, conducted by the National Center of Educational Statistics.  A 2-stage sampling approach 
was used to identify participants. This method first identified infants using birth certificates, and secondly 
defined sampling units geographically, over counties. Over 14,000 infants were sampled, and after 
excluding infants with mothers less than age 15, and infants who died or were adopted at birth, ultimately 
yielded 10,688 parent interviews of infant boys (51%) and girls (49%), for a response rate of 76%.  The 
base sample was designed to represent the United States population, and drawn from the approximately 4 
million infants born in 2001 (NCES, 2005a; NCES, 2005b) and strategically oversampled certain 
demographic groups, for example, children born low or very low birth weight.  The use of National 
Center for Education Statistics (NCES) and ECLS-B provided sampling weights corrects for this 
oversampling, and the exclusion of children born to mothers under the age of 15 and adopted at birth [75].  
The present study utilized birth certificate as well as Wave 1 data collected when infants were 
approximately 9 months of age. Parent interview data was collected on home visits by trained field 
researchers who used computer-assisted interview techniques to gather data. Mother-infant dyadic 
interaction was videotaped while doing a semi-structured teaching task as per the Nursing Child 
Assessment Teaching Scale protocol.  Maternal depressive symptomology data was obtained using the 
California Epidemiological Studies-Depression Scale (CES-D), and scores from the Bayley Scales of 
Infant Development as a measure of cognitive development.  Parent-interview data provided information 
on breastfeeding and sociodemographic characteristics. In addition, infants’ cognitive development was 
assessed using the Bayley Scales Short Form-Research Edition (BSF-R). 
Study Participants  
The current study sample was limited to the 9-month data wave of singletons (n=8,873).  Multiple 
births were excluded (n=1,875).  In addition, infants with congenital anomalies (n=168), and infants 
whose mother was not their biological mother or their primary caregiver (n=106) were also excluded from 
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the sample. The study sample was then further restricted to those cases that included both exposure 
(Maternal Sensitivity) and outcome data (Infant Cognitive Development), providing a final sample of 
6,919 (Figure 2). 
Measures 
Maternal Sensitivity. The (NCATS) Nursing Child Assessment Teaching Scale [76], parent scale was 
used to assess maternal sensitivity. The 50 point scale is grouped into four categories: Sensitivity to Cues, 
Response to Child’s Distress, Cognitive Growth Fostering, and Socioemotional Growth Fostering. The 
total score was derived from summing the four components such that a higher score indicated greater 
maternal sensitivity. The scores were used as a continuous measure. 
Mothers were asked to select one among a list of NCATS tasks (something the child does not 
know how to do yet) to “teach” to their child, and were videotaped during the teaching interaction with 
their infant for 10 minutes.  NCAST videotaped ratings were completed by trained and certified coders, 
who were blinded to other measures collected on the dyads (e.g. infant cognitive test scores). Ratings 
were checked for quality by University of Washington staff, developers of the NCAST.  In this study 
sample, adequate internal consistency for the NCAST total parent scale was demonstrated and ∞ = .72.  
Internal consistency for the total score for the full ECLS-B sample was .68 (NCES, 2005a).  
It was necessary to have 85% agreement or greater in order to meet quality standards of scoring 
(U.S. Department of Education, National Center for Education Statistics, Early Childhood Longitudinal 
Study, Birth Cohort, Nine-Month Data Collection, 2001–02). 
Infant Cognitive Development. The Bayley Short Form-Research Edition (BSF-R) Mental Scale (BSID-
II; Bayley, 1993) was used to measure infant cognition (NCES; 2005a, NCES; 2005b) at Wave 1.  This 
standardized cognitive assessment includes 22 items assessing infants’ memory, problem-solving and 
ability to control attention (Flanagan and West, 2004). The scale has a mean of 100 and a standard 
deviation of 15. A score ranging between 85 and 115 is within normal limits. The scaled score is an 
estimate of the score the child would have received if the full BSID-II had been administered. The 
internal consistency reliability coefficient of the BSF-R scale score is high, and at .80 for the mental scale 
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(NCES; 2005). The internal consistency reliability coefficient of the BSF-R scale score in this study 
sample was .79, and is .80 for the total ECLS-B study sample (NCES; 2005). 
The plan for Wave 1 data collection was to assess infants and interview parents within one month 
of their 9-month birthday, however, some home visits occurred earlier or later than 9 months (NCES, 
2005) so the age range of infants is between 8 and 11 months at this time point. More than half, or 50.5 
percent of the children were assessed within one month of their 9-month birthday, and the mean age at 
assessment was 9.7 months.  
Biological Vulnerability. 
Birthweight. In the ECLS-B sample, birth weight was collected from the birth certificate and was linked 
to the interview data. Very low birth weight is defined as less than 1,500 grams and low birth weight is 
defined as 1,500- 2,499 grams. Normal birth weight is defined as greater than 2,500 grams.  
Premature Birth. Infants born before 37 weeks of gestation are defined as premature, irrespective of birth 
weight. Weeks of gestation data was captured from the birth certificate. Data on the number of days the 
infant was born premature (days prior to 37 weeks of gestation), was also recorded from the birth 
certificate.  Premature birth was defined as a continuous variable that indicated the number of days 
premature.  In this data set, the range was 0-140 days premature. The number of days premature was 
graphically examined with sensitivity and again with cognitive development. The decision to define 
premature birth as a continuous variable was based on examination of the data. Premature birth was 
graphed in relation to both sensitivity as well as cognitive development scores. Both graphs show a 
downward linear trend, with each additional day of prematurity associated with lower sensitivity and 
lower cognitive development scores. 
SGA. Using population distributions of US births occurring 2000-2002, normal birth weight ranges for 
each gestational week were identified from Vital Health Statistics databases. ECLS-B infants’ birth 
weight and gestational age (captured from the birth certificate) were compared to these weight ranges for 
gestational age. Weight for gestational age varies by plurality, race/ethnicity, and child sex [202]. In the 
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ECLS-B, SGA is used as a proxy for IUGR and is defined as less than the tenth percentile of birth weight 
for gestational age adjusted for plurality, race/ethnicity, and child’s sex.  
Breastfeeding.  As part of the computer-assisted parent interview (NCES, 2005) at Wave 1, mothers were 
asked if they ever breastfed their infant, how long they breastfed and whether they were currently 
breastfeeding their child. An examination of the distribution of data showed mothers largely fell into two 
groups: those that breastfed for one or more months vs. those that never breastfed, and therefore 
breastfeeding was categorized as (1) Never breastfed; (2) Breastfeeding 1 month or longer. 
Maternal Depressive Symptomology. At Wave 1, a modified version of the Center for Epidemiological 
Studies’ Depression Scale (CES-D)[148] self-report instrument was used to evaluate depressive 
symptomology in the mother.  This scale assesses depressive symptoms using 12 of the 20 items from the 
full CES-D. The scale measures presence of negative thoughts, behaviors and feelings in the past 7 days. 
Questions on the CES-D include how many days in the past week the respondent had a (1) poor appetite, 
(2) felt bothered, (3) could not shake the blues, (4) had trouble keeping focus, (5) felt depressed, (6) felt 
everything was an effort, (7) felt fearful, (8) had difficulty sleeping, (9) talked less than usual, (10) felt 
lonely, (11) felt sad, and (12) could not get going. The CES-D is rated using a 4-point Likert scale where 
0=rarely and 3=all or most days.  A score over 4 out of 36 indicates depression or the presence of 
depressive symptomology. Higher scores correspond to greater depressive symptomology. 
Covariates 
Household Income and Poverty Threshold.  Household income data as well as whether the 
household met the criteria for the 100% poverty threshold was obtained from the 9-month interview. 
Based on the distribution of the data, four categories were created for univariate analyses: (1) <$50K 
income and below poverty threshold; (2) >$50K and above poverty threshold; (3)50-100K, and above 
poverty threshold; (4) $100K+ and above poverty threshold. A continuous variable provided by the study 
was used for multivariable regression analyses. This variable examined income at federal poverty 
standards at the time of the interview. 
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Maternal Age.  Based on the literature showing an association between older age and increased 
maternal sensitivity [78], the following age groups were designated: (1)15-19; (2) 20-29; (3) 30-35and (4) 
36 and older, and explored in univariate analyses (Table 3). A linear trend was observed, and in 
regression analyses, maternal age was entered as a continuous variable. 
Race/Ethnicity of Mother.  Mother’s Race/Ethnicity from self-reported parent interview data was 
recoded into 5 categories: non-Hispanic White, (reference) non-Hispanic Black, Hispanic, Asian, and 
Other. The category of ‘Other’ included any individual who identified herself in that way or identified 
herself as belonging to more than one of the Race/Ethnicity categories. 
Maternal Education. Mothers self-reported their educational status as part of the parent interview 
conducted during the 9-month interview.  The data was used to create 5 categories: less than high school, 
high school diploma/(GED), vocational/trade school or some college, college graduate and post-graduate 
for univariate analyses. A continuous variable indicating number of years of study was used in regression 
analyses. 
Family Structure. Mothers also self-reported their marital status, family structure and relationship 
with the child’s father. Their responses were categorized into 3 categories based on our data as well as 
research involving father involvement (Cabrera, 2011): (1) Mother and child’s father (reference); (2) 
Mother and male partner other than child’s father; (3) Biological mother without male partner. 
Parity.  Mothers were put into one of three groups for univariate analyses: (1) 1 child (target 
infant only); (2) 2-3 children, including target infant; (3) 4 or more children, including target infant. In 
regression analyses, a continuous variable indicating number of children was used. 
Infant Sex. Infant sex was coded from birth certificate data.  
Data Analyses 
Statistical Analyses was conducted using SAS Version 9.4 (SAS, 2004). As a first step, data was 
inspected by examining frequency distributions for all variables, and univariate associations among 
demographic factors, birth weight, premature birth, small for gestational age, sensitivity and cognitive 
development were assessed. Secondly, the association between prematurity and maternal sensitivity was 
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assessed, after accounting for demographic factors, maternal depression and breastfeeding using multi-
variable regression analysis. Thirdly, the association of premature birth upon infant cognitive 
development was assessed after accounting for the effects of demographic factors, maternal depression, 
breastfeeding and maternal sensitivity using regression analysis. Factors entered into all regression 
models were based on the DAG (Figure 1). 
Sampling and Replicate Weights. 
Due to ECLS-B’s strategic over-sampling of certain demographic groups born in the U.S. in 
2001, each infant did not have an equal probability of being selected, and not all sampled infants and their 
parents participated.  Data estimates in the ECLS-B may not be counted equally, and sample and replicate 
weights provided by the ECLS-B and National Center for Educational Statistics (NCES) must be used in 
order to make sample data representative of the population and to account for differential selection 
probabilities and response patterns. The sample weight represents the source of the data as well as 
consideration for non-response within this source of data.  Since this study is utilizing 9-month parent 
interview data as well as child assessment data, the ECLS-B weight of W1CO (Wave 1 (9-month) 
Respondent/Child) was used and represents the relative strength of each observation, multiplied by each 
data value, and divided by the sum of the weights to represent the population of 2001.  
The sampling weight was used in both the ANOVA analyses the regression analyses to adjust for 
the oversampling. For each sample weight, there are 90 associated replicate weights, which were used to 
adjust the standard errors of the estimates, and correct for the significance of the estimates obtained. 
Results 
Descriptive univariate analyses of demographic characteristics and their association with 
sensitivity and cognitive development (Table 3), showed household income/poverty and maternal 
education had the strongest associations with maternal sensitivity. Maternal race/ethnicity had the 
strongest association with cognitive development. 
To examine the measure of biological vulnerability that was most strongly associated with 
sensitivity and cognitive development, ANOVA and univariate regression analyses were conducted 
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(Table 4). Results showed that there was a significant effect of LBW upon sensitivity (F1,6,450 =15.33 , p < 
.001), premature birth upon sensitivity (F1,6,450 = 29.48, p < .001), and SGA upon sensitivity (F1,6,450 = 
5.51, p < .001). However, premature birth rather than LBW or SGA had the strongest association with 
maternal sensitivity. Biological vulnerability was also significantly associated with infant’s cognitive 
developmental outcome, and there was a significant effect of low birth weight (F1,6,450)= 248.02, p < .001), 
premature birth (F1,6,450)= 390.65, p < .001), and SGA (F1,6,450)= 14.43, p < .001) upon cognitive 
development.  Premature birth also had a stronger association with lower cognitive developmental scores 
than either LBW or SGA.  
Further analyses of mean differences and effect sizes demonstrated mothers had lower sensitivity 
scores for prematurity (M =33.8, SD =4.54), cohen’s d=-.14, than SGA (M =34.2, SD =4.51 ), cohen’s 
d=-.02. Infants had lower cognitive development scores for prematurity (M =70.84, SD =10.48), cohen’s 
d=-.29; than SGA (M =74.45, SD =10.61), cohen’s d=-.11.  
A total of 81% of infants in the sample had full term births and 19% had premature birth status. 
Of the 19% of premature infants, 14% were less than 7 weeks premature and 5% were 8 or more weeks 
premature. To examine the overlap between the LBW, SGA and Premature Birth categories, a cross-
tabulation table was created (Table 5), and showed some normal birth weight infants are premature 
(7.3%).  Of the low birth weight infants that were SGA, the majority (75.9 %) were not premature. The 
majority of VLBW infants who were SGA were also premature (84%).  
To gather additional support for the finding that premature birth rather than SGA was more 
strongly associated with infant cognitive development, regressions including maternal sensitivity, full 
term SGA infants (infants SGA but not premature) and infants born prematurely (but who were not SGA), 
was conducted. The study data set included a total of 1050 infants were born prematurely but not SGA, 
and a total of 750 infants that were SGA, but not premature.  
In a regression model, R2=.037, p<.001, including maternal sensitivity, premature birth (β= -2.87, 
p<.001) remained more strongly associated with cognitive development than SGA (β= -.986, p=.082). In 
subsequent regression analyses, only premature birth was used as the measure of biological vulnerability. 
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Although biological vulnerability was hypothesized to be a confounder of the association between 
sensitivity and cognitive development, premature birth was evaluated as an effect modifier. An interaction 
term was created by multiplying the continuous variable of sensitivity with the continuous variable of 
number of days the infant was premature. A regression was then conducted including maternal sensitivity, 
the interaction term, and cognitive development as the outcome. Results of this analysis showed R2=.04, 
with the interaction term non-significant, p=.18, and therefore did not provide support for the a priori 
hypothesis that the interaction term would be significant (<.05). 
To examine the hypothesis that premature birth was significantly negatively associated with maternal 
sensitivity and infant cognitive development, even after adjusting for other factors previously associated 
with maternal sensitivity, cognitive development or both (maternal depression, breastfeeding), two sets of 
regressions, one with maternal sensitivity as the outcome, and the second with cognitive development as 
the outcome, were conducted. 
Maternal Sensitivity.  
In analyses examining the association of maternal factors (breastfeeding, depression) in addition 
to prematurity (Table 6) using the outcome of maternal sensitivity, infant’s premature birth was 
negatively associated with sensitivity (β=-.035, p<.001). Although premature birth was significantly 
negatively associated with maternal sensitivity, it explained little of the variance in sensitivity. Maternal 
depression was not significant after breastfeeding was entered into the model. This model (R2=.10, 
p<.001) was adjusted for demographic factors significant in univariate analyses: parity, household 
structure, maternal age, race, education and poverty/income and infant’s sex.  
Cognitive Development.  
In the final model (Table 7) analysing the effect of prematurity upon the sensitivity-cognitive 
development association, (R2=.05, p<.001). Maternal sensitivity (β=.171, p<.001), breastfeeding 
(β=.081***, p<.001), and prematurity (β=-.115***), were significantly associated with cognitive 
development, after including demographic variables into the model. The association between sensitivity 
and cognitive development did not attenuate, even after entering premature birth into the model. 
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Premature birth was an independent risk factor for lower cognitive development scores, rather than a 
confounder of the association between sensitivity and cognitive development.  
Statistical Sensitivity Analyses 
In order to more fully support the hypothesis that premature birth, and associated difficulties with 
insufficient time for brain structure development, was behind the negative association with cognitive 
development, , two additional regressions were conducted examining infants who were born prematurely 
but not SGA, and vice versa. In the model including maternal sensitivity (β=.036***, p<.001), with 
cognitive development as the outcome, examining only infants who were premature (β=-2.77***, 
p<.001), but not SGA (regardless of birth weight), the amount of variance explained was almost 4% 
(R2=.036, p<.001). In the model including maternal sensitivity (β=.037***, p<.001), with cognitive 
development as the outcome, examining only infants who were SGA, but not premature (regardless of 
birth weight), SGA was not significant (β=-.702, p<.204), in the model (R2=.030, p<.001). 
Results Summary 
 Univariate analyses demonstrated that the strongest risk factors for lower maternal sensitivity 
scores included lower household income and lower educational levels.  The strongest risk factor for lower 
infant cognitive development scores was non-white race, although lower household income and lower 
educational levels were also associated. While sensitivity scores decreased as maternal age decreased, 
cognitive development scores were highest for mothers who were 20-29 years of age.  
 Mothers who reported increased numbers of depressive symptoms, breastfeeding for less than 1 
month and not drinking had lower sensitivity scores than mothers who did not report depressive 
symptoms, breastfed and drank (but not more than 4-5 drinks in one sitting). Breastfeeding for more than 
1 month was associated with higher cognitive development scores in univariate analyses. 
 Of the measures of biological vulnerability, premature birth had the strongest association with 
both sensitivity as well as cognitive development. Analyses of mean differences and effect sizes 
demonstrated mothers had lower sensitivity scores for premature birth (cohen’s d=.14) in comparison to 
SGA (cohen’s d=.02).  
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 In multivariable regression analyses, Hispanic race was associated with lower sensitivity scores 
while higher household income and higher maternal education were associated with higher sensitivity 
scores. Although depressive symptoms were not significantly associated with sensitivity scores in 
multivariable regression, it approached significance (p<.10), and there was a trend showing the greater the 
number of symptoms, the lower the score in univariate analyses.  Higher maternal sensitivity and 
breastfeeding were associated with higher infant cognitive development scores. For every additional point 
in maternal sensitivity score, the average difference in infant cognitive development score would increase 
by .182, with all else held constant. Breastfeeding for more than 1 month was also associated with 
increased infant cognitive development score. When breastfeeding was entered into the regression model, 
the association between sensitivity and cognitive development did not attenuate, indicating that 
breastfeeding was not a confounder of the association between sensitivity and cognitive development.  
Discussion 
This study investigated whether the association between maternal sensitivity- and infant cognitive 
development varied given biological vulnerability, and is the only one to examine which measure of 
biological vulnerability was most closely associated with sensitivity and cognition. Findings revealed that 
premature birth, rather than either the low birth weight or SGA measure, was a greater risk factor for 
reduced maternal sensitivity and cognitive development, but was not an effect-modifier of the sensitivity-
cognitive development association. Results of this study also showed breastfeeding and maternal 
sensitivity are independently associated with increased cognition in infants born prematurely as well as at 
term. 
In the analyses in which maternal sensitivity was the outcome, demographic factors explained 
close to 10% of the variance in maternal sensitivity. The inclusion of prematurity into the model revealed 
that although premature birth was strongly and negatively associated with maternal sensitivity, it did not 
explain much variation in sensitivity. These findings are supported by a systematic review of early 
mother-infant relationships in preterm infants [203]. In this review of eighteen studies, five studies 
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showed an equal or even higher quality of mother-infant interaction in groups of preterm compared to 
groups of full-term infants. Although 13 studies showed differences in maternal sensitivity between 
mothers of preterm infants in contrast to mothers of full-term infants in the first six months of life, the 
review concluded that infants born preterm were not at higher risk of poorer dyadic interaction. 
 Previous investigations showing a direct association between prematurity and an increased risk 
of cognitive developmental delay have each accounted for different factors (e.g. demographic factors, 
maternal sensitivity). In this study, sensitivity, maternal depression, breastfeeding and infant prematurity 
only explained 5% of the variance in cognitive development. This finding may seem surprising, but in 
fact in line with the concept of extreme malleability in development when the infant is less than one year 
of age. Cognitive development measured when infants are less than one year of age can vary greatly, due 
to assessment day/time circumstances, even with well-designed instruments, such as the Bayley Short 
Form-Research Edition used in this study.  Since assessments conducted at 9 months of age are not 
designed to be language-based, some cognitive abilities are not fully captured until the infant is older 
(approximately 24 months of age), when infant assessments become more stable.  Moreover, the NCAST 
measure of sensitivity (or any measure of sensitivity) does not account for all dimensions of stimulation 
the infant receives from the mother. In this study, only maternal sensitivity was measured, and although in 
many instances the mother is the primary caregiver, infants may receive cognitive stimulation from 
fathers, siblings, other household members, or child care providers. Cognitive development in infancy is 
also explained by genetic and environmental factors not examined in this study. 
The finding that premature birth, rather than SGA or low birth weight was more strongly 
associated with cognitive development offers additional support for the hypothesis that incomplete 
development of brain structures in utero, rather than adverse intrauterine environment accounts for the 
association.  
The incidence of premature births is approximately 10% in the United States [204-207].  Nearly 
half of infants with premature birth defined as less than 37 weeks gestation demonstrate later cognitive 
deficits by the age 8 years, representing a major public health problem [208, 209]. Between 2010 and 
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2012, approximately 9 percent of all births were early elective deliveries [210, 211]. Since not all 
premature birth is due to problematic infant or maternal health and the rate of elective preterm cesarean is 
declining [212], it is important that policy makers and those creating guidelines for health care providers 
continue to advise mothers who are choosing to have an early elective caesarean section to consider the 
impact of the non-medically indicated premature birth upon the infant’s later cognition. Even late and 
healthy preterm birth is associated with greater attention deficit and visuospatial problems in later years, 
indicating that premature birth has long-term and enduring effects [213]. 
In conclusion, low birth weight, premature birth and small for gestational age are not mutually 
exclusive categories, and there is significant overlap. Given premature birth and SGA represent two 
different biological phenomena, future research should make best efforts to separate premature infants 
from SGA infants when examining developmental outcomes.  
Study Limitations 
This study shares many of the limitations of other large population based studies examining 
cognitive outcome in infants, such as visit-day circumstances biasing measurement of the infant’s 
cognition. Birth certificate data, particularly gestational age, can sometimes be unreliable or invalid based 
on the way the data is input, coded or captured, and is typically random error. If gestational age and 
prematurity were inaccurately measured in this study, it would most likely bias the effect detected 
towards the null [214].  
Study Strengths  
The ECLS-B is a large nationally representative data set. A special feature of the cohort design is 
availability of data from the birth certificate including birth weight, gestation and therefore allows for an 
assessment of small for gestational age without relying on maternal recall. The use of the validated 
assessments such as the NCAST (both mother and infant scales), the Bayley Scales of Infant 
Development, and the CES-D, are an additional strength of the study. This study examined three types of 
infant biological vulnerability in association with maternal sensitivity and cognitive development, and 
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distinguished between infants born prematurely from infants who were SGA, in contrast to existing 
research. 
Conclusion 
Increased maternal sensitivity is strongly and positively associated with advanced infant 
cognition in both full-term and preterm infants, and thus an important area of public health research. This 
study showed that premature birth rather than SGA drove the association between low birth weight and 
cognitive development. Increased maternal sensitivity, breastfeeding and premature birth are each 
independently associated with infant cognitive development. The effect of higher maternal sensitivity 
upon increased cognitive development remained even after adjusting for premature birth.  
Public Health Significance 
The strongest association between sensitivity and cognitive development comes from studies 
conducted in high income countries which show that greater maternal sensitivity is associated with higher 
cognitive development and future school performance [5, 6, 33, 66, 180, 215-219]. In low income 
countries, maternal sensitivity is linked to the basic survival of infants, particularly those living in adverse 
conditions [1, 2], while high sensitivity is associated with better nutrition, reduced frequency of childhood 
injury and illnesses, increased medication and treatment adherence, and prevention of abuse. A number of 
randomized control trials have supported the effectiveness of interventions to improve sensitivity [220-
223]. 
Policy makers, health care providers and mothers should consider the effect of premature birth 
upon infant cognition in order to continue to avoid early non-medically indicated delivery. As this study 
shows, preventing premature birth will have a positive effect on cognitive development even in premature 
babies. Documentation of the effects of maternal sensitivity upon the development of children is key to 
mobilizing resources and developing appropriate interventions and policies to increase sensitivity, and 
ultimately improve child outcomes globally.   
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Future Directions 
Given that the majority of very low birth weight infants were both premature as well as small for 
gestational age, this group may be biologically different, and warrant separate analyses.  
Structural equation modelling (SEM), a statistical procedure used to study theoretical research in 
relation to empirical data, would be used in future studies to explore the counterfactual, and the conditions 
(e.g. breastfeeding) under which maternal (e.g. age, education), and infant characteristics (e.g. infant sex) 
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Figure 3: Overlap among the LBW, premature and SGA infants (n=2,050) in whole 
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Table 1: Review of the literature showing associations among maternal sensitivity and infant cognitive development 
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Table 2: Maternal sensitivity and cognitive development in samples of low birth weight/small for gestational 
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Table 3: Univariate analyses of demographic characteristics with sensitivity and cognitive Development 
 
 Sensitivity Cognitive 
 Mean (SD) Anova 
F (df)  
Mean (SD) Anova 
F(df)  
Infant Sex     
Male 34.23 7.22** (1, 6900) 75.24 6.93** (1,6900) 
Female 34.51  75.86  
Parity  3.86 (2,6350)  1.36 (2, 6350) 
1 child 34.73(4.31)  77.27(9.54)  
2-3 children 34.80(4.57)  76.31(9.59)  
4+ children 34.37(4.62)  76.49(9.92)  
Poverty and Household 
Income  
 117.39*** (3,6900)  4.65**  (3,6900) 
Below Poverty level 33.19(4.37)  75.78(9.61)  
Above poverty level; < $50K   34.28(4.46)  77.09(9.91)  
Above poverty level; 
$51K-100K  
35.94(4.33)  77.01(9.20)  
Above poverty level; $100K 36.48(3.95)  76.93(9.06)  
Maternal Age   44.33*** (3,6900)  2.81* (3,6900) 
15-19 33.13(4.30)  75.59(9.06)  
20-29 34.24(4.42)  77.04(9.90)  
30-35 35.37(4.49)  76.77(9.28)  
36+ 35.74(4.49)  76.24(9.27)  
Maternal Race/Ethnicity   58.47*** (4, 6900)  11.26*** (4,6900) 
White, Non-Hispanic 34.45(4.41)  77.02(9.60)  
Black, Non-Hispanic 33.92(4.43)  76.19(9.91)  
Hispanic 33.11(4.39)  76.43(9.42)  
Asian 34.62(4.23)  76.25(9.04)  
Other 34.79(4.04)  76.74(9.59)  
Maternal Education   112.37***(4, 6900)  3.80**(4, 6900) 
Less than HS 1,2 32.68(4.44)  75.60(9.54)  
HS graduate 3 34.03(4.43)  77.09(9.98)  
Vocational/Some College 4-5 35.13(4.15)  77.29(9.66)  
4-Year College 6 36.31(4.35)  76.41(8.86)  
Post-Graduate 7,8,9 36.63(4.05)  76.93(9.15)  
Family Structure   38.22***(2, 6900)  1.24 (2, 6900) 
Biological Mother and Father 34.92(4.48)  76.70(9.50)  
Biological Mother and Partner 35.58(4.18)  78.80(9.50)  
Biological Mother; No Partner 33.63(4.46)  76.80(9.92)  







 Table 4: Univariate analyses of the association of biological vulnerability measures with maternal 
sensitivity and infant cognitive development  
























Biological Vulnerability Sensitivity Score Cognitive Development Score 
Measures Mean (SD) F Mean (SD) F  
Birth Weight  15.33***  248.02*** 
Normal  34.72(4.50)  76.99 (9.48)  
Low (1501-2499) 34.04 (4.43)  73.55(10.27)  
Very Low (<2500) 33.56(4.64)  68.22 (10.71)  
Premature birth  29.48***  390.65*** 
Not Premature  34.51(4.53)  76.66 (9.31)  
Premature 33.75 (4.54)  70.84 (10.48)  
SGA  5.51*  14.43*** 
Not SGA 34.43(4.51)  75.73 (9.54)  
SGA 34.07 (4.17)  74.45 (10.61)  
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Table 5: Bonferroni Correction for Multiple Comparisons (outcome=Cognitive Development) 
Child Birth Weight Status Mean 
Difference  
Std. Error 95% Confidence Interval 






3.45* .38 2.54 4.37 
Very low birth 
weight 





-3.45* .38 -4.37 -2.54 
Very low birth 
weight 






-8.60* .40 -9.57 -7.62 
Low birth 
weight 
-5.14* .52 -6.40 -3.87 
*p< 0.05 level 
 
Table 6: (Unweighted) Percentage of Premature Birth and SGA in Normal, Low and Very Low Birth 
Weight Categories  
BIRTH WEIGHT STATUS Premature Birth 
% Not Premature % Premature 




92.7  7.3 
100 0 





75.9             24.1 













β  β  β  β  β β  β  β  β  β  β  β  β  Β 
Infant sex-male -.025* -.026* -.018 -.027* -.024* -.025* -.022 -.021 -.021 -.019 -.019 -.019 -.019 -.017 
Parity 
  
  -.019 -.006 -.037** -.037* -.030* -.032 -.032 -.002 -.002 -.002 -.000 .000 
Household Income   .244*** 198*** .195**
* 
.159*** .159*** .159*** .102*** .103*** .103*** .103** .101** 




.089*** .091*** .091*** .037 .039 .039 .032 .035 
Race (White 
Ref) 
              
Black      -.007 -
.045*** 
-.048*** -.048*** -.048*** -.047*** -.046*** -.046*** -.044*** 
Hispanic       -
.137*** 
-.140*** -.140*** -.117*** -.115*** -.115*** -.116*** -.114*** 
Asian         -.035** -.035** -.044** -.043*** -.043** -.042** -.042** 
Other         -.003 -.001 -.001 -.001 .000 .001 
Education           .159*** .159*** .159*** .158*** .158*** 
Family 
Structure 
Reference=Mother with biological father            
Mother w 
Partner 
          .029 .029 .029 .031 
Mother no 
Partner 
           -.002 .001 .000 
Depression           Reference=No Depressive Symptoms            
Depressive Symptoms           -.024~ -.020 
Breastfeeding Reference=Less than 1 month           
Breastfeeding more than 1 month           .007 .007 
Premature 
Birth 
           -.035** 
Model 
Summary (R2) 




.083*** .084*** .083*** .098*** .098*** .098*** .099*** .100*** 
*p < .05; ** p < .01; ***p < .001; ~p<.10 













Table 8:  Factors associated with the outcome of cognitive development 
 
*p < .05; ** p < .01; ***p < .001; ~p<.10 




β  β  β  β β  β  β  β  β  β  β β  
Infant sex 
(male) 
-.033** -.034** -.035** -.037** -.037** -.037** -.034* -.034* -.029~ -.030 -.031 -.030 (-1.031, -.108) 
Income  .034** .053** .043** .038** .038** .044** .044 .011 .003 -.003 -.010 (-.117, .063) 
Age   -.040** -.039** -.039** -.039** -.040** -.040** -.055*** -.059*** -.058*** -.054*** (-.129, -.040) 
Race (White=Reference)          
Black    -.008 -.013 -.014 -.022 -.022 -.020 -.018 -.018 -.011 (-1.054, .411) 
Hispanic     -.015 -.016 -.017 -.017 .011 .007 -.007 -.004 (-.722, .549) 
Asian       -011 -.013 -.013 -.011 -.011 -.010 -.009 (-1.968, .862) 
Other       -.007 -.006 -.006 -.006 -.007 -.008 (-1.916, .991) 
Years of 
Education 
        .029 .008 -.008 -.008 -.007 (-.197, .126) 
Sensitivity             
         .182*** .177*** .177*** .171*** (.313, .422) 
Depressive Symptoms (No symptoms=Reference)          
Depressive Symptomology        -.037** -.038** -.032** (-.099, -.012) 
Breastfeeding (Less than 1 month=Reference)         
Breastfeeding more than 1 month         .079*** .081*** (1.135, 2.111) 
Premature Birth (Greater than 37 weeks =Reference)         
            -.115*** (-.160, -.105) 
Model 
Summary (R2) 





Understanding factors that impact the principal association between sensitivity and cognition 
provides key avenues for developing intervention programs for mothers, yet are understudied due to 
methodological issues such as small sample sizes limiting adjustment of demographic confounders, as 
well utilization of heterogeneous samples of various types of biologically vulnerable infants (premature 
birth, SGA). This dissertation addresses these methodological issues, presents current knowledge on the 
topic, and analyzes several factors that influence this focal association. 
Results from the first paper showed that a clear independent association between maternal 
sensitivity and an infant’s cognitive development remained even after adjusting for maternal depression, 
breastfeeding, and low birth weight. Neither depression, breastfeeding nor alcohol intake, modified or 
confounded the sensitivity-cognitive development association. The finding that breastfeeding remained 
significantly associated with the outcome of cognitive development, even after maternal sensitivity was 
included in the model indicates that breastfeeding is independently associated with advancing cognitive 
development.   
In the second paper, the effect of three measures of biological vulnerability (birth weight, 
premature birth, and small for gestational age) upon the maternal sensitivity-cognitive development 
association were examined. Findings showed premature birth, rather than small for gestational age drove 
the association between low birth weight and lower cognitive development scores, pointing to insufficient 
gestational time, rather than compromised gestational time as the critical biological vulnerability factor 
determining infant cognitive outcome.  
A linear relationship between number of days premature and lower cognitive development score 
emphasizes the importance of considering the impact on cognitive development for non-medically 
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indicated premature birth, as in the instance of mothers electing non-medically indicated caesarean 
section rather than natural delivery.  
In conclusion, Paper 1 demonstrates independent effects of sensitivity and breastfeeding upon 
infant cognitive development, and Paper 2 shows premature birth, or insufficient gestational time as a 
greater risk factor for reduced cognitive ability in comparison to SGA. Together the papers suggest 
screening for maternal sensitivity would be helpful to clinicians trying to support infant cognitive 
development. Given that maternal sensitivity can be learned [3, 242], a brief screening tool used by 
pediatricians or family physicians could identify a problem within the dyadic relationship in clinical 
settings such as a well-baby visit. Secondly, the papers provide evidence for detrimental effects for 
artificially shortened gestation, such as non-medically indicated caesarean section. Lastly, the papers 
highlight the importance of breastfeeding as an exposure associated with advanced infant cognitive 









1. In the 3 months before you got pregnant, how many alcoholic drinks did you have in an average week? 
PROBE: A drink is: One glass of wine, one wine cooler, one can or bottle of beer, one shot of liquor, or 
one mixed drink. 
 
2. During the last 3 months of your pregnancy, how many alcoholic drinks did you have in an average week? 
 
3. Do you currently drink any alcoholic beverages? 
 
4. How many alcoholic drinks do you have in an average week now? 
 
5. In the last month, how many times did you drink (four/five) or more alcoholic drinks at one sitting? 
Breast Feeding 
 
1. Did you ever breast-feed CHILD? 
 
2. Are you still breast-feeding CHILD now? 
 
3. For how many months did you mother breast-feed (him/her)? 
 
4. During the past 7 days, was CHILD breast-fed formula-fed, or fed regular cow’s milk? 
 
5. How old was CHILD in months when you began feeding (him/her) formula? 
 
6. How old was CHILD in months when you began feeding (him/her) cow’s milk? 
 
7. How old was CHILD in months when solid food was first introduced? Solid foods include cereal and baby 
food in jars, but not finger foods. 
 
8. How old was CHILD in months when (he/she) was first given finger foods, such as Cheerios, teething 





Appendix B: Comparison of socio-demographic characteristics of mother-infant dyads with maternal 










X2 (df, p) 
Birth Weight   2.16 (2, .33) 
Normal 80.0 81.3  
Low 10.1 10.0  
Very Low 9.9 8.7  
Parity   1.90 (2, .39) 
1 child 40.5 42.4  
2-3 children 50.7 48.6  
4+ children 8.8 9.0  
Poverty and Household Income   9.48 (3, .02) 
Below Poverty level;  27.1 25.5  
Above poverty level; < $50K   42.9 40.5  
Above poverty level; $51K-100K  20.8 23.8  
Above poverty level; $100K 9.2 10.2  
Maternal Age   1.34 (3, .72) 
15-19 7.6 8.4  
20-29 49.8 50.4  
30-35 28.4 27.8  
36+ 14.2 13.8  
Maternal Race/Ethnicity   69.70 (4, .00) 
White, Non-Hispanic 35.3 43.9  
Black, Non-Hispanic 16.7 16.5  
Hispanic 21.6 18.2  
Asian 20.3 13.9  
Other 6.1 7.4  
Maternal Education   34.00 (4, .00) 
Less than HS  24.0 19.5  
HS graduate  31.5 28.7  
Vocational/Some College  20.8 26.3  
4-Year College  14.4 15.3  
Post-Graduate 7 9.4 10.2  
Family Structure    
Biological Mother and Father 75.6 77.9 8.21 (2, .02) 
Biological Mother and Partner 0.7 1.1  




Appendix C: Propensity Score Use  
Propensity score methods were initially proposed to analyse my dissertation data. However, I was 
not able to find a suitable propensity score method for the ECLS-B data, and instead used 
multivariable regression analyses. When conducted properly, regression analyses and propensity 
score methods reveal very similar results [156]. 
This decision to abandon the propensity score procedures was made after consultation with 
Professor Keyes, who explained that the propensity score as covariate method that I was utilizing 
was not an epidemiologically appropriate method. Another propensity score method, probability 
weighting, would affect the sample and replicate weighting of the ECLS-B. A third propensity 
score method, the subclassification method, would also affect ECLS-B weighting because it would 
potentially require eliminating cases in order to get proper balance.  
The propensity score matching technique recommended by Professor Keyes had not previously 
been used in analysis of ECLS-B data. When I asked the ECLS-B statistician about the propensity 
score matching on the ECLS-B data, he sent in response three papers (1) Stuart, 2016 [243]; (2) 
Ridgeway, 2015 [244]; and (3) Austin, 2016 [245]. The papers suggested that use of this method 
required certain assumptions about the ECLS-B data in order to interpret results causally. It is not 
clear if some of those assumptions could be made on the ECLS-B data which was designed to 
oversample certain demographic groups using a 2-stage “clustered list frame approach”. 
 As agreed with my committee, I have discussed the limitations of traditional regression analyses, 
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Appendix D: Exploratory Study Examining Infant Cues and Response 
 
I had initially proposed examining how infant cues and response affected the sensitivity-cognitive 
association, and hypothesized that in biologically vulnerable infants (e.g. premature, SGA), development 
of the amygdala (which controls homeostatic mechanisms regulating behavior and communication) may 
be compromised. This underdevelopment would cause the infant potential difficulty in responding to and 
communicating with the mother and therefore be negatively associated with sensitivity. However, due to 
low reliability of the NCATS infant scale used to measure infant clarity of cues (internal consistency 
∞=.384), this part of the proposal was excluded from the dissertation with agreement from my committee. 
An exploratory study was conducted (abstract below). Study write-up, including detailed tables available 
upon request. 
Exploratory Study of impact of the infant clarity of cues and response measures in the NCATS 
upon the association between maternal sensitivity and infant cognitive development 
Title: Effect of infant cues and responsiveness upon the association with maternal sensitivity and infant 
cognitive development in biologically vulnerable infants 
Aim: To investigate the effect of infant behaviour in LBW and normal weight infants upon the maternal 
sensitivity-infant cognitive development association.  
Background: The mother-infant interaction is a bi-directional process whereby a mother’s sensitivity is 
related to her appropriate response to cues or signals provided by the infants. Although infants are 
naturally motivated to signal positive and negative states to their caregiver and respond to their 
caregiver’s overtures, infants who are born prematurely or small for gestational age (SGA) may have 
compromised development in cue-giving and response. The majority of infant studies examining 
cognition do not consider the infants own contribution to their own development.  
Methods: The present study utilizes Wave 1 data of The Early Childhood Longitudinal Study-Birth 
Cohort (ECLS-B), a study of factors that influence children’s development from birth to kindergarten, 
conducted by the National Center of Educational Statistics. All measures were checked for reliability. A 
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series of ordinary least square regression analyses models were used to explore the association among 
infant cues and responsiveness with sensitivity and cognitive development, after adjusting for factors 
previously associated with either maternal sensitivity, cognitive development or both (demographic 
factors, maternal depression, breastfeeding).  
Results: A review of the scales internal consistency, showed low reliability for the infant clarity of cues 
∞=.384 scale, and moderate reliability for the responsiveness to caregiver scale, internal consistency 
∞=.661. Exploratory regression analyses showed both infant cues (β=.789, p<.001) and infant 
responsiveness (β= .445p<.001) were significantly and positively associated with maternal sensitivity as 
an outcome (R2=.284, p<.001). However, these measures, infant responsiveness (β= .035) and infant cues 
(β=.154) were not associated with cognitive development as an outcome once maternal sensitivity (β=-
.37, p<.001) and breastfeeding (β=1.56, p<.001) were entered in the model (R2=.049, p<.001). 
Conclusion: Although infant cues and response were significantly associated with sensitivity but not 
cognitive development, it is not clear how reliable these results are given the low internal consistency of 
the clarity of cues scale. 
Keywords: Low Birth Weight, Maternal Sensitivity, Infant Cognitive Development, Infant Prematurity, 
Small for Gestational Age 
A. Clarity of Cues Subscale  
1. Child is awake. 
2. Child widens eyes and/or shows postural attention to task situation. 
3. Child changes intensity of amount of motor activity when task material is presented. 
4. Child’s movements are clearly directed toward the task or task maternal or away from the task 
material (not diffuse). 
5. Child makes clearly recognizable arm movements during the teaching episode (clapping, 
reaching, waving, pounding, pointing, pushing away). 
6. Child vocalizes while looking at the task materials. 
7. Child smiles or laughs during the episode. 
8. Child grimaces or frowns during the teaching episode. 
9. Child displays potent disengagement cues (see list) during the teaching interaction. 
10. Child displays subtle disengagement cues (see list) during the teaching interaction. 
Potent disengagement cues 
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Back arching maximal lateral gaze aversion spitting up 
Choking Tray pounding   Coughing  
Vomiting crawling/walking away  Cry Face  
Reddening/ or turning pale of skin  Whining 
Fussing  Pushing away   Withdraw from alert to sleep state 
Halt hand Saying “no”   Lateral head shake  
Spitting  Overhand beating movement of arms 
Subtle disengagement cues 
Arms straightened along sides  Hand-to-stomach Looking away  Frown 
Head lowering    Pout   Cling posture  Gaze aversion 
Hiccoughs    Pucker face  Diffuse body movement  Blink 
Hunger posture    Self clasp  Rapid wrist rotation  Yawn 
Dull looking face/eyes   Immobility  Increase in sucking noise 
Shoulder “shrug”   Eyes clinched  Tongue show  Grimace 
Fast breathing    Face grimace  Increased feet movement 
B. Responsiveness to Caregiver (Responding and Engaging with caregiver) 
1. Child gazes at caregiver’s face or task materials after the caregiving has shown verbal or non-
verbal alerting behaviour. 
2. Child attempts to engage caregiver in eye-to-eye contact. 
3. The child looks at the caregiver’s face or eyes when caregiver attempts to establish eye-to-eye 
contact. 
4. Child vocalizes or babbles within five seconds after caregiver’s verbalization. 
5. Child vocalizes or babbles within five seconds caregiver’s gesturing, touching or changing his/her 
facial expression. 
6. Child smiles at caregiver within five seconds after caregiver’s verbalization. 
7. Child smiles at caregiver within five seconds after caregiver’s gesture, touch or facial expression 
changes. 
8. When caregiver moves closer than eight inches from the child’s face the child shows some subtle 
and/or potent disengagement cues. 
9. Child shows subtle and/or potent disengagement cues within five seconds after caregiver 
changes facial expression or body movement. 
10. Child shows potent and/or subtle disengagement cues when caregiver attempts to intrude 
physically in the child’s use of task materials. 
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11. Child shows potent and/or subtle disengagement cues when caregiver attempts to intrude 
physically in the child’s use of the task materials. 
12. Child physically resists or responds aggressively when caregiver attempts to intrude physically in 
child’s use of the task materials. 
13. The child stops displaying potent disengagement cues within 15 seconds after caregiver’s 
soothing attempts. 
